THE  JOURNAL  OF  GENERAL  CHEMISTRY  OF  THE  U.S.S.R. 


(ZHURNAL  OBSHCHEI  KHIMY) 


Volume  XXVII,  No.  2 
February ,  1957 


(A  Publication  of  the  Academy  of  Sciences  of  the  U.S.S.R.) 


IN  ENGLISH  TRANSLATION 


Copyright,  1958 


CONSULTANTS  BUREAU,  INC. 
227  West  17th  Street 
New  York  11,  N.Y. 


Domestic 

Foreign 

Printed  in  the  United  States 

Annual  Subscription 

Annual  Subscription  for  libraries  of 

1  90.00 

$95.00 

non-profit  academic  institutions 
Single  Issue 

30.00 

10.00 

35.00 

Note;  The  sale  of  photostatic  copies  of  any  portion  of  this  copyright  translation  is  expressly  prohibited  by  the 
copyright  owners. 


SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

GITI 

GITTL 

GONTI 

Goseneigoizdat 

Goskhimizdat 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEnZhT 

LET 

LETI 

LETIIZhT 

Mashgiz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

NH  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TiNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 

State  Power  Press 

State  Chem,  Press 

All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Press 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
Sci.  Inst,  of  Modem  Motion  Picture  Photography 
United  Sci.-Tech.  Press 
Division  of  Technical  Information 
Div.  Tech.  Sci. 

Constmction  Press 
Association  of  Power  Engineers 
Central  Research  Inst,  for  Boilers  and  Turbines 
Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.- Ministry  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst,  of  Meteorology 
All- Union  Scientific  Research  Inst,  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  this  list  and  not  explained  in  tlie  translation  have  been  transliterated,  no  further 
information  about  their  significance  being  available  to  us.  -  Publisher. 


UMI 


PAGES  319-320  ARE  REPEATED  IN  NUMBER  ONLY. 


ENTHALPY  OF  FORMATION  OF  STRONTIUM  PHOSPHIDE 


S.  A,  Shchukarev,  M.  P.  Morozova  and  Kan  Kho  Yn 


The  system  strontium -phosphorus  has  not  been  studied  up  to  now.  The  preliminary  studies  made  by  us  show 
that  not  a  single  compound  exists  in  it;  the  existence  of  the  compound  SrsP-  is  not  open  to  doubt,  since  a  sub¬ 
stance  of  this  composition  reacts  with  dilute  hydrochloric  acid  to  form  only  the  gaseous  phosphorus  hydride  PH|. 

We  prepared  strontium  phosphide,  StsP^,  by  reacting  phosphorus  widi  metallic  strontium.  The  two  substances, 
taken  in  the  ratio  corresponding  to  die  formula  Sr3P2 ,  were  placed  separately  in  two  boats  in  a  glass  tube ,  which 
after  good  evacuation  was  sealed. 

Heating  of  the  tube  to  400-450*  caused  all  of  die  phosphorus  to  be  absorbed  by  the  strontium.  After  diis 
die  obtained  phosphide  was  annealed  for  a  long  time  in  a  quartz  tube  at  900-1000*.  The  strontium  phosphide 
prepared  in  this  manner  is  a  finely  crystalline  dark-gray  powder,  exceedingly  sensitive  to  atmospheric  moisture. 

The  analysis  results  of  die  synthesized  preparations  are  given  below. 

Found  Sr  80.63,  80.52,  80.77.  80.70;  P  18.93,  18.87,  18.67,  19.02,  Sr,?,. 

Calculated  <70;  Sr  80.92;  P  19.08. 

The  entha^iy  of  formation  of  strontium  phosphide  was  established  from  die  value  of  the  endialpy  for  the 
reaction  of  StsPj  with  dilute  hydrochloric  acid.  The  chamber  of  the  calorimeter,  in  which  this  reaction  was  run, 
was  first  blown  with  hydrogen  to  exclude  the  possibility  of  phosphine  oxidation.  The  method  of  running  the  cal¬ 
orimetric  determinations  had  been  described  by  us  earlier  [1]. 

We  found  the  following  values  for  the  enthalpy  of  this  process:  -235,4,-233.8,  -237.3,-237.5,-235.4, 
i.e,  on  the  average  -235.91:2  kcal./ gram- formula. 

S^sPscryst  ^^^^^oln  “^^'^^soln  +235.9  ±2  kcal. 

In  combination  with  the  known  values  for  the  enthalpies  of  formation  of  hydrogen  chloride,  strontium  dilo- 
ride  andphosphine  and  the  values  of  the  enthalpies  for  the  solutiexi  of  hydrogen  chloride  and  strontium  chloride, 
a  value  of — 16(l(fii:  2  kcal./  gram- formula  is  correspondingly  obtained  for  the  enthalpy  of  formation  of  strontium 
phosphide: 

^Stcryst  +2Fcryst  ~®^3^*cryst  +1®0.03±2  kcal. 

The  enthalpy  of  formatien  of  strontium  nitride  Is  equal  to— 92.2  kcal. /gram- formula,  the  endtalpy  of  for¬ 
mation  of  strontium  stibnide,  StsSbj, -134.7  kcal^gram- formula,  and  of  strontium  bismudiide,  SrsBij,  correspond¬ 
ingly  126.8  kcal./gram-formula.  As  a  result,  the  values  for  the  enthalpies  of  formation  of  compounds  of  stron¬ 
tium  with  phosphorus,  antimony  and  bismuth  lie  quite  close  to  each  other. 

A  completely  different  course  is  observed  for  the  compounds  of  magnesium  with  tire  elements  of  tfie  main 
subgroup  of  Group  V:  the  enthalpies  of  formation  of  Mg3P2,  MgsSb2  and  Mg3Bi2  are  (in  kcaiygram-formula)  re¬ 
spectively -119, -80  and -40,  i.e.  the  replacement  of  magnesium  in  the  compounds  with  phosphorus,  antimony 
and  bismuth  by  strontium  leads  to  a  considerable  smoothing  out  of  the  differences  in  the  heats  of  formation  of 
Ae  compounds  following  one  after  the  other  in  tire  periodic  system. 
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SUMMARY 


By  determining  the  entha4>y  for  the  reaction  of  strontium  phosphide  with  dilute  hydrochloric  acid  the 
enthalpy  of.  formation  of  strontium  phosphide  was  found  to  be  equal  to— 160.03±2  kcaiygram- formula. 

LITERATURE  CITED 

[1]  S.  A.  Shchukarev,  E.  Volf  and  M.  P.  Morozova,  J.  Gen.  Chem.,  24,  1925  (1954).  (T.p.  1887).* 
Received  March  24,  1956.  Leningrad  State  University* 


•  T.p.  =  C.  B.  Translation  pagination. 
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ENTHALPY  OF  FORMATION  OF  LITHIUM  AND  BARIUM  BISMUTHIDES 


S.  A.  Shchukarev,  M.  P,  Morozova,  Kan  Kho  Yn  and 


V  .  T  .  Sharov 


Lithium  bismuthide,  LisBi,  was  prepared  by  fusing  the  components,  taken  in  stoichiometric  ratio,  in  a  her¬ 
metically  sealed  steel  crucible  at  a  temperature  up  to  1200*.  The  compound  prepared  in  this  manner  is  a  coarsely 
crystalline  dark-green  substance. 

The  reaction  of  LisBi  with  dilute  hydrochloric  acid  proceeds  very  vigorously  by  the  equation: 

'•‘3®‘cryst  *3HCl3o^,  =3L1C1,„^ 

The  enthalpy  values  of  this  process  obtained  by  us  for  various  alloys  are  summarized  in  Table  1  (the  method 
used  to  make  the  calorimetric  determinations  was  described  earlier  [1]). 

On  the  average  the  enthalpy  of  process  (1)  can  be  taken  as  equal  to -160 .2±  0.6  kcal./gram-formula. 

In  combination  with  the  values  for  the  enthalpies  of  formation  and  solution  of  hydrogen  chloride  and  lithium 
chloride  [2]  a  value  of-39.5±0.5  kcal./gram- formula  is  obtained  for  the  enthalpy  of  formation  of  lithium  bis¬ 
muthide: 


3Li  ,  +Bi  =Li3Bi  +39.5±0.5  kcal. 
cryst  cryst  ®  cryst 

A  different  value  had  been  proposed  earlier  for  the  enthalpy  of  formation  of  lithium  bismuthide,  and  spe¬ 
cifically —55. 5±  3  kcal./gram-formula  [3].  This  value  was  found  by  the  method  of  directly  determining  the  heat 
of  mixing  of  molten  bismuth  with  metallic  lithium.  In  its  time  this  method  was  used  to  determine  the  enthalpies 
of  formation  of  many  intermetallic  compounds;  however,  apparently  almost  always  these  data  were  not  suffici¬ 
ently  reliable.  The  method  of  directly  mixing  tlie  components  frequently  leads  to  errors  in  connection  with  the 
incomplete  reaction  of  the  two  metals,  which  is  due  to  the  extremely  short  time  that  the  metals  are  found  at 
temperatures  at  which  the  reaction  process  between  them  is  not  frozen.  This  was  shown  in  a  series  of  studies, 
executed  at  the  Chair  of  Inorganic  Chemistry  of  the  Leningrad  State  University  [4,  5]. 

Another  source  of  error  in  the  method  of  directly  determining  the  heat  of  mixing  apparently  consists  in  the 
fact  that  it  is  difficult  to  avoid  partial  oxidation  of  such  active  metals  as  lithium,  barium,  etc.  Evidently,  it  is 
specifically  this  circumstance  that  is  responsible  for  the  fact  that  the  direct  mixing  method  at  times  gives  high 
(in  absolute  value)  values  for  the  enthalpy  of  formation  of  some  compounds  of  lithium  and  barium  (as  a  rule,  for 
the  reason  indicated  earlier,  lower  values  are  obtained  for  the  heats  of  formation  of  the  compounds  of  the  less 
active  metals). 

We  also  prepared  barium  bismuthide,  BaaBij,  by  the  fusion  of  bismuth  with  barium,  obtained  by  the  method 
of  high-vacuum  aluminothermy,  in  a  steel  crucible  at  a  temperature  close  to  1100*. 

The  enthalpy  values  for  the  reaction  of  barium  bismuthide  with  dilute  hydrochloric  acid,  found  by  us  for 
different  alloys,  ate  summarized  in  Table  2. 

BasBU  ,  +6HC1  ,  =3BaCL  ,  +2Bi  +3H2„„ 

®  ^cryst  soln  ^soln  Cryst  'gas. 

On  the  basis  of  these  data  a  value  of-258.4±  1.8  kcal./gram- formula  can  be  taken  for  the  enthalpy  of  the 
reaction  of  BasBij  with  dilute  hydrochloric  acid. 

In  combination  with  the  known  values  for  the  enthalpies  of  formation  and  solution  of  hydrogen  chloride  and 
barium  chloride  [2]  a  value  of  128. 1±  1.8  kcal./gram- formula  is  obtained  for  the  enthalpy  of  formation  of  barium 
bismuthide. 


321 


'^^^cryst  ^^®*cryst  +128, 1±  1.8  kcal. 

The  value  obtained  by  us  differs  from  that  found  by  Kubaschewski  and  Villa  [6],  who  found  the  value  of 
the  enthalpy  to  be  equal  to-lGO+10  kcal.  by  the  method  of  directly  determining  the  heat  of  mixing  barium  with 


TABLE  1  TABLE  2 


Alloy  1 
no. 

Enthalpy  of  reaction  (1) 

(in  kcal/gram-formula 

Alloy 

no. 

Entlialpy  of  reaction  (2)  (in 
kcal/gram-formula) 

1 

—159.8 

1 

-257.6.  —257.5 

2 

-160.2 

2 

—260.2.  —260.4 

3  i 

-160.8 

3 

—258.3.  —258.3 

bismuth.  If  anything  the  method  used  by  us  can  give  somewhat  high  absolute  values,  which  means  that  the  value 
of -160  kcal.  for  the  enthalpy  of  formation  of  barium  bismuthidc  is  definitely  in  error.  The  possible  reason  for 
Kubaschewski  and  Villa  obtaining  a  higher  (in  absolute  value)  value  for  the  enthalpy  of  formation  of  the  barium 
compound  is  indicated  above. 

In  completely  the  same  manner  the  enthalpy  of  formation  of  the  alloy  having  the  composition  BaBi  was 
found  to  be  equal  to-40.2±  1.4  kcal./gram- formula  (the  system  Ba-Bi  was  studied  only  in  the  interval  6-30  at, 

°lo  barium  [7],  but  by  analogy  with  the  system  Sr-Bi,  studied  in  greater  detail  [8],  it  can  be  assumed  that  such  a 
compound,  BaBi,  does  exist). 

A  comparison  of  the  course  of  the  enthalpies  of  formation  of  compounds  of  magnesium  with  the  elements 
of  the  main  subgroup  of  Group  V  with  the  course  of  the  enthalpies  of  formation  of  the  compounds  of  these  ele¬ 
ments  with  barium  is  not  without  interest,  although  tlie  information  on  the  latter  is  still  incomplete.  This  com¬ 
parison  is  shown  in  the  Figure,  from  which  it  can  be  seen  that  if  die  transition  from  Mg3N2  to  Mg3Bi2  is  character¬ 
ized  by  a  nearly  3- fold  reduction  in  the  heat  of  formation  [9],  then  the  transition  from  Ba3N2  [2]  to  Ba3Bi2  is  ac¬ 
companied  by  a  considerable  increase  in  the  heat  of  formation. 

We  determined  the  density  of  Ba3Bi2.  proving  to  be  equal  to  6.12  g/cm®  (at  20*).  The  density  of  Mg3Bi2  is 
5.84  g/cm^  (at  the  same  temperature). 

A  substantial  increase  in  the  heat  of  formation  in  the  transition  from  magnesium  bismuthide  to  barium  bis- 
muthide  is  also  accompanied  by  changes  in  the  volume  ratios  existing  in  the  systems  Mg-Bi  and  Ba-Bi.  The 
formation  of  Mg3Bi2  from  the  elements  is  accompanied  by  a  slight  increase  in  the  volume  (0.6  ml/gram- for¬ 
mula),  whereas  in  the  formation  of  633612  the  volume  is  reduced  by  17.2  ml/gram- formula. 

In  the  system  Mg— Bi-N2,  even  at  comparatively  low  nitrogen  pressures,  the  stable  forms  are  Mg3N2  and 
Bi,  whereas  in  the  system  Ba-Bi-N2,  at  all  actually  realized  nitrogen  pressures,  the  stable  forms  are  633612  and 

N*. 

The  nitrides  of  magnesium  and  barium  represent  saltlike  compounds,  and  a  reduction  in  the  heat  of  forma¬ 
tion  in  the  transition  from  Mg3N2  to  Ba3N2  is  probably  explained  by  the  substantial  increase  in  the  ionic  radius  in 
going  from  Mg"*^*  to  Ba"^*;  the  reduction  in  the  energy  of  the  lattice,  associated  with  this,  is  apparently  not  com¬ 
pensated  by  a  reduction  in  the  energy  of  ionization,  occurring  in  the  direction  from  Mg  to  Ba. 

The  bismuthides  of  both  metals  are  quite  typical  intermetallic  compounds,  and  consequently  a  change  in 
the  heat  of  formation,  accompanying  the  replacement  of  magnesium  by  barium,  naturally  obeys  a  different  law. 
This  difference  in  the  course  of  the  enthalpies  of  formation  of  the  magnides  and  barides  of  the  elements  of  the 
main  subgroup  of  Group  V  points  without  equivocation  to  the  primitive  nature  of  the  whole  series  of  attempts 
made  to  generalize  the  rules  for  the  enthalpies  of  formation  of  binary  compounds,  in  particular,  to  the  primitive 
nature  of  the  conception  of  electronegativity  as  being  a  constant  specific  value,  characterizing  the  elements  [10, 
11].  From  the  viewpoint  of  this  conception,  as  is  known,  the  replacement  by  barium  should  result  in  an  increase 
in  the  heats  of  formation  of  both  tlie  nitride  and  the  bismuthide,  which  is  contradictory  to  experimental  data. 


322 


SUMMARY 


AH 


Course  of  the  enthalpies 
of  formation  of  compounds 
of  barium  and  magnesium 
with  nitrogen  and  bismuth. 


1.  The  enthalpy  of  formation  of  lithium  blsmuthide,  LljBi,  was 
found  to  be  equal  to-39.5±0.5  kcal./gram- formula. 

2.  The  enthalpies  of  formation  of  Ba3Bi2  and  BaBi  were  respec¬ 
tively  found  to  be  equal  to-128.1db  1.8  and  — 40.2±  1.4  kcal./gram -for¬ 
mula. 
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THE  ENTHALPY  OF  FORMATION  OF  LITHIUM,  MAGNESIUM 


AND  ZINC  ARSENIDES 

S.  M.  Ariya,  M.  P.  Morozova,  Khuan  Tszi-tao  and  E.  Volf 


Recently  [1]  a  new  value,  18.0  kcal./mole,  was  published  for  the  entlialpy  of  formation  of  arsine,  differing 
considerably  from  the  value  that  had  been  generally  accepted  up  to  now  43.6  kcal./mole)  [2], 

A  more  accurate  determination  of  the  value  of  the  enthalpy  of  formation  of  arsine  makes  it  possible  to  de¬ 
termine  the  enthalpies  of  formation  of  the  arsenides  of  lithium,  magnesium  and  zinc  on  the  basis  of  the  values 
of  the  enthalpies  of  their  reaction  with  dilute  hydrochloric  acid,  proceeding  with  the  formation  of  arsine. 

The  enthalpy  of  the  process  for  the  reaction  of  magnesium  arsenide  witii  hydrochloric  acid  was  determined 
by  S.  A.  Shchukarev,  S.  M.  Ariya  and  G.  A.  Lakhtin  [3],  and  then  by  us.  It  is— 215.3  kcal./gram- formula: 

J^gsAszcryst  +6HCl3oin  =3MgCl23^jjjj  ^^AsHag^j  +215.3  kcal. 

On  the  basis  of  the  old  value  for  the  enthalpy  of  formation  of  arsine  a  hypothetical  value  of -46+ 3  kcal./ 
gram- formula  was  assumed  in  the  cited  paper  for  the  enthalpy  of  formation  of  magnesium  arsenide.  When  the 
new  value  for  the  enthalpy  of  formation  of  arsine  is  used  the  enthalpy  of  formation  of  magnesium  arsenide  proves 
to  be  equal  to -96+ 3  kcal./gram- formula: 

^Mgcryst  +^Asc[.y5(  =Mg3As2(.fy3j  +96+3  kcal. 

It  is  timely  to  mention  that  the  enthalpy  of  formation  of  magnesium  arsenide  (-46  kcal./gram- formula) 
obtained  on  the  basis  of  the  old  value  for  the  enthalpy  of  formation  of  arsine  contradicts  the  stability  of  this  com¬ 
pound.  In  combination  with  the  indicated  value,  the  huge  increase  in  the  entropy,  which  should  accompany  the 
decomposition  of  magnesium  arsenide  (not  less  than  110  electron-volts),  would  assure  a  low  thermal  stability 
for  Mg3As2  (the  substance  should  suffer  decomposition  when  heated  in  a  stream  of  an  inert  gas  even  at  600-700*, 
which  is  not  observed  in  practice). 


The  enthalpy  for  the  reaction  of  zinc  arsenide  with  hydrochloric  acid  was  determined  to  be  equal  to -44 .5 
kcal./gram- formula  [4]. 

Taking  the  enthalpy  of  formation  of  arsine  as  equal  to  44.2  kcal./mole,  the  Italian  authors  found  the  heat 
of  formation  of  zinc  arsenide  to  be  equal  to  30.3  kcal./gram-formula.  However,  they  admitted  an  error  into 
their  calculations;  actually,  the  found  value  for  the  enthalpy  of  the  reaction  of  zinc  arsenide  with  hydrochloric 
acid,  in  combination  with  the  old  value  for  the  enthalpy  of  formation  of  arsine,  leads  to  a  negative  heat  of  for¬ 
mation  for  the  arsenide,  and  specifically, -30.3  kcal./gram-formula. 

However,  the  endothermic  nature  of  zinc  arsenide  contradicts  the  chemistry  of  this  compound,  easily  ob¬ 
tained  by  the  reaction  of  the  elements  and  not  showing  any  signs  of  decomposition  when  heated  in  vacuo  at  6001" . 

We  repeated  the  determination  of  the  enthalpy  for  the  reaction  of  zinc  arsenide  with  hydrochloric  acid. 
The  enthalpy  of  this  process  proved  to  be  equal  to -53.5  kcal./ gram- formula: 
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Z"3A».cry«  -^53.5  kcal. 

The  considerable  divergence  with  the  data  of  [4]  can  probably  be  explained  by  the  fact  that  these  authors 
did  not  have  the  present  type  of  calorimeter,  and  instead  used  a  simple  Dewar  vessel  for  the  calorimetric  deter¬ 
minations. 

The  value  for  the  enthalpy  that  we  obtained  by  the  above  indicated  reaction,  coupled  with  the  new  value 
for  the  enthalpy  of  formation  of  arsine,  leads  to  a  value  of -30.5  kcal./gram- formula  for  the  enthalpy  of  forma¬ 
tion  of  ZrisAsj: 


aZn^jyjj  +2Ascryst  =2:n3As2^,jyjjj  +30.5±3  kcal. 

Assuming  the  old  value  for  the  enthalpy  of  formation  of  arsine  (43.6  kcal./mole),  instead  of  the  above 
value  we  would  have  obtained  +20.5  kcal.,  which,  as  has  already  been  indicated  above,  is  in  complete  disagree¬ 
ment  with  the  properties  of  zinc  arsenide.  As  a  result,  this  circumstance  clearly  indicates  the  erroneous  nature 
of  the  old  value  for  the  enthalpy  of  formation  of  arsine,  figuring  up  to  now  in  all  of  the  reviews  on  thermochem¬ 
istry  (2,  5]. 

A  study  of  lithium  arsenide,  LisAs,  abo  leads  to  a  similar  result.  We  found  the  enthalpy  for  the  reaction 
of  lithium  arsenide  with  dilute  hydrochloric  acid  to  be  equal  to -101.8  kcal./gram- formula: 

Li. As  +3HC1  ,  =3LiCl  ,  +AsH3  +101.8  kcal. 

’  cryst  soln  soln  gas 

This  value,  coupled  with  the  old  value  for  the  enthalpy  of  formation  of  arsine,  leads  to  a  value  of-56.3 
kcal./gram- formula  for  the'  enthalpy  of  formation  of  lithium  arsenide. 

Earlier  [6]  we  had  determined  the  value  for  the  enthalpy  of  formatio.i  of  lithium  stibnide,  LisSb.  It  proved 
to  be  equal  to -77  kcal./gram- formula.  In  other  words,  if  the  old  value  for  the  enthalpy  of  formation  of  arsine 
is  taken,  then  the  impression  is  created  that  lithium  stibnide  is  a  much  more  exothermic  compound  than  the 
arsenide.  Together  with  this,  Lebeau  [7]  noted  that  arsenic  displaces  antimony  from  its  compound  with  lithium. 
This  fact,  confirmed  by  us,  is  incompatible  with  the  just  indicated  relationship  of  the  enthalpies  of  formation  of 
Lis  As  and  LisSb. 

In  combination  with  the  new  value  for  the  enthalpy  of  formation  of  arsine,  the  value  obtained  by  us  for 
the  enthalpy  of  the  reaction  of  lithium  arsenide  with  dilute  hydrochloric  acid  leads  to  a  greater  absolute  value 
for  the  enthalpy  of  formation  of  lithium  arsenide  than  for  the  case  of  LisSb,  and  specifically -81.3  kcal./gram- 
formula: 


3Li  +As„„„,  =Li3As  ,  +81.3  kcal. 
cryst  cryst  3  cryst 

In  other  words,  Lis  As  proves  to  be  a  somewhat  more  exothermic  compound  than  LisSb,  which  is  in  agree¬ 
ment  with  the  fact  that  antimony  is  displaced  by  arsenic  from  its  compound  with  lithium. 

SUMMARY 

1.  The  enthalpies  of  formation  of  the  arsenides  of  lithium,  magnesium  and  zinc  were  determined,  respec¬ 
tively  being  equal  to -81.3±2, -96±  3  and  — 30.5±3  kcal./gram- formula. 

2.  A  number  of  facts  were  mentioned,  indicating  that  the  recently  proposed  value  for  the  enthalpy  of  for¬ 
mation  of  arsine  is  in  agreement  with  the  data  on  the  thermal  stability  of  the  arsenides  studied  in  this  paper. 
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ANODES  FROM  URANIUM  DIOXIDE  IN  A  MOLTEN  CHLORIDE  ELECTROLYTE 


M.  V.  Smirnov  and  L.  E.  Ivanovsky 


Studies  devoted  to  electrochemical  investigations  of  electrodes  composed  from  semiconductors  in  molten 
salt  electrolytes  are  absent  in  the  literature.  Many  semiconductors  belong  to  the  class  of  metal  oxides,  the  con¬ 
ductivity  of  which  varies  within  very  wide  limits.  The  poorest  conductors  of  all  are  the  metal  oxides  of  normal 
valence,  such  as  BeO,  ThO^,  Ti0^,Nbj05,  Ta20^,  UO^  [1,  2].  In  the  transition  to  the  lower  oxides  of  these  metals 
the  conductivity  increases  so  sharply  [3,4]  that  electrodes  can  be  prepared  from  them,  and  they  can  be  used  in 
electrolysis. 

We  studied  the  behavior  of  the  anodes  from  uranium  dioxide  in  molten  alkali  metal  chlorides.  Based  on 
the  literature  data  [5],  its  conductance  at  478-992“  varies  in  the  limits  0.247-1.282  ohm'*  cm"*;  it  strongly  de¬ 
pends  on  the  degree  of  condensation  of  the  particles,  the  purity  and  the  composition  of  the  dioxide. 

Electrolysis  in  a  Molten  Chloride  Ba th  With  a  Uranium  Dioxide  Anode 

The  starting  dioxide  was  prepared  by  the  reduction  of  uranium  oxide  (UsOg)  with  hydrogen  at  700*.  The 
dioxide  had  a  black  color.  Chemical  analysis  revealed  that  iu  composition  corresponded  to  the  empirical  for¬ 
mula  UC^,o4.  The  dioxide  powder  was  moistened  with  a  solution  of  paraffin  in  benzene.  About  0.01  g  of  paraf¬ 
fin  was  taken  per  gram  of  dioxide,  which  served  as  a  binding  material.  Under  a  pressure  of  about  3000  kg/cm* 
the  electrodes  were  pressed  into  a  cylindrical  shape  (diameter  8  mm,  length  15  mm),  which  were  then  sintered, 
being  heated  for  4  hours  at  1350"  in  a  vacuum  of  the  order  of  10'®  mm.  The  sintered  electrodes  showed  sufficient 
mechanical  strength.  The  conductance  showed  considerable  increase  after  sintering  and  the  color  of  the  elec¬ 
trodes  changed  (they  became  dark- brown).  Analysis  for  carbon  gave  negative  results. 

The  electrolysis  experiments  were  run  in  a  closed  apparatus,  the  construction  of  which  is  schematically 
shown  in  Fig.  1.  It  represented  a  quartz  test  tube,  hermetically  sealed  on  top.  The  cathode,  a  molybdenum 
wire,  was  contained  in  the  quartz  test  tube  through  an  opening,  which  was  tightly  covered  with  an  asbestos  dia¬ 
phragm.  In  order  to  eliminate  the  liberation  of  the  alkali  metal,  exerting  a  strong  decomposition  action  on  quartz 
glass,  lead  chloride  was  added  to  the  test  tube.  The  amount  of  electricity  passed  was  determined  from  the  amount 
of  metal  that  separated  at  the  cathode  during  electrolysis..  In  the  anode  area  the  starting  electrolyte  was  a  molten 
eutectic  mixture  composed  of  lithium  and  potassium  chlorides.  The  uranium  dioxide  anode  was  turned  in  a  lathe 
in  such  a  manner  that  it  could  be  fitted  in  the  opening  present  in  the  quartz  tube.  The  lower  portion  of  the  anode 
was  immersed  in  the  electrolyte,  while  its  upper  portion  in  the  test  tube  was  clamped  to  a  platinum  rod,  which 
served  as  the  conductor  of  the  current  above  the  electrolyte  level.  The  electrolysis  was  mn  at  850*  in  an  atom- 
sphere  of  pure  argon.  The  current  strength  was  maintained  constant  during  the  whole  experiment.  On  conclusion 
of  electrolysis  the  electrolyte  was  analyzed  for  its  content  of  tetra-  and  hexavalent  uranium. 

In  the  Table  we  give  the  results  of  three  experiments,  run  with  different  anodic  current  densities. 

In  all  of  the  experiments  the  analyses  revealed  that  only  hexavalent  uranium  is  contained  in  the  electro¬ 
lyte.  The  melt  had  a  color  of  strong  tea,  while  the  cold  electrolyte  was  colored  a  yellow-green,  whereas  the 
melts  containing  tetravalent  uranium  are  colored  a  dark-green,  and  the  cold  salts  an  emerald-green. 

As  can  be  seen  from  the  date  in  the  Table,  the  yield  on  the  current  of  UOfe++  ions  in  the  electrolyte  is  equal 
to  100%  (the  somewhat  lower  yield  in  the  first  experiment  is  apparently  due  to  error  in  the  analysis).  During  the 
electrolysis  the  evolution  of  gases  was  observed  at  the  anodes,  but  their  surface  gradually  become  covered  with 
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Fig.  1.  Schematic  drawing 
of  electrolysis  cell.  . 

1)  Quartz  test  tube,  2)  mo¬ 
lybdenum  cathode,  3)  chlo¬ 
rine  electrode,  4)  platinum 
conductor,  5)  asbestos  dia¬ 
phragm,  6)anode  from  ura¬ 
nium  dioxide,  7)  electrolyte 


a  dense  crystalline  crust  having  a  blue-black  color,  which  sharply 
differed  from  the  color  of  the  electrode  mass  (dark-brown). 

The  experimental  results  show  that  during  electrolysis  the  ura¬ 
nium  dioxide  anodes  dissolve  due  to  tlie  transition  of  ions  into 

tlie  melt.  Since  the  starting  oxide  did  not  correspond  to  an  exact 
stoichiometric  composition  of  the  dioxide,  but  contained  some  excess 
of  oxygen,  with  duration  of  electrolysis  the  anode  should  gradually 
become  enriched  in  oxygen. 

It  is  known  [6]  tliat  uranium  forms  with  oxygen  a  one-phase 
system  of  continuous  composition  ranging  from  UQ  to  UO^  33.  The 
excess  oxygen  of  these  oxides  occupies  an  intermediate  position  in  . 
the  UO^  lattice  (of  the  fluorspar  type)  and  can  be  freely  transposed  in 
it  [7].  In  measure  with  transition  of  the  ions  into  the  electro¬ 

lyte  the  oxygen,  apparently,  diffuses  into  the  depth  of  the  oxide  phase. 
When  tlie  limiting  composition,  corresponding  to  UOfe  33,  is  achieved 
in  tlie  surface  layer  of  the  anode,  then  the  second  phase  of  uranium 
oxide  (U30g)  should  appear.  It  was  actually  observed  in  our  experi¬ 
ments  as  a  black  crust  on  the  surface  of  the  anodes. 


UQj. 


UQ5.33 - ^ 


UsO* 


That  uranyl  ions  are  actually  formed  in  the  electrolyte  during 
the  solution  of  anodes  composed  of  uranium  oxides  of  variable  com¬ 
position  was  confirmed  by  a  special  experiment,  in  which  after  the 
accumulation  of  uranium  in  the  anolyte  further  electrolysis  was  now 
run  witliout  a  separation  of  the  anode  and  cathode  areas  in  the  cell. 

A  weakly  held  black  crystalline  precipitate  separated  on  the  molyb¬ 
denum  cathode,  which,  in  contrast  to  metallic  uranium,  failed  to  dis¬ 
solve  in  hydrochloric  acid.  The  increase  in  weight,  obtained  when 
the  precipitate  was  ignited  in  the  air  to  uranium  oxide,  revealed  that 
it  was  pure  uranium  dioxide. 


The  results  of  this  experiment  are  of  interest  in  a  different  respect.  They  support  the  possibility  of  oxy 
cations  existing  in  molten  chlorides  [8].  It  now  becomes  clear  why  it  is  uranium  oxide,  and  not  the  metal,  that 
frequently  separates  at  the  cathode  when  the  electrolysis  is  run  in  open  baths.  Evidently,  oxygen  not  only  decom¬ 
poses  chloride  melts,  containing  uranium  tetrachloride,  with  the  formation  of  the  dioxide  or  of  oxygen- containing 
salts,  but  also  oxidized  uranium  to  uranyl  ions,  which  remain  in  the  electrolyte  and  during  the  electrolysis  of  the 
former  are  discharged  at  the  cathode,  giving  a  precipitate  of  the  dioxide. 


Expt.  1 
nos. 

Anodic  cur¬ 
rent  density 
(A/cn?) 

Amt.  of  1 

electricity 
passed  (A^r) 

Found U  in 
electrolyte 
(g) 

Yield  on  current 
of  UC^+'''  ions  in 
electrolyte  (in  %) 

1 

0.01 

0.090 

0.385 

96.5 

2 

0.10 

0.19e 

0.870 

100.0 

3 

1.00 

0.250 

1.110 

100.0 

It  was  also  ot  interest  to  elucidate  the  manner  in  which  uranium  oxide  anodes  behave  in  the  presence  of 
a  reducing  agent,  namely  carbon  monoxide.  For  this  we  ran  a  special  experiment,  in  which  the  anode  during 
the  electrolysis  was  continuously  washed  widi  pure  carbon  monoxide.  Analysis  of  the  electrolyte  after  the  ex¬ 
periment  revealed  that  it  contained  about  10%  of  tetravalent  uranium.  However,  the  total  amount  of  uranium, 
found  in  the  electrolyte,  corresponded  to  a  100%  yield  based  on  the  current  in  the  melt,  in  accord  with  the  elec¬ 
trode  reaction:  UC\  -2c —  molten*  ^''i^^ntly,  the  tetravalent  uranium  was  obtained  as  the  result  of 
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secondary  reaction  Involving  the  reduction  of  the  uranyl  ions  in  the  melt  by  carbon  monoxide:  +CO= 

=U^olten  +CO|”‘molten  f  result  of  die  primary  electrode  reaction:  UO^  +  2CO-4e  =  U^olten  + 

+  2COij. 

Polarization  of  Uranium  Dioxide  Anodes  During  the  Electrolysis  of  a  Molten 
Chloride  Bath 

Qualtltative  experiments  reveal  that  uranyl  ions  are  formed  when  uranium  dioxide  anodes  are  used  in  the 
electrolysis  of  a  molten  chloride  electrolyte.  However,  these  experiments  cannot  answer  the  question  as  to  which 
electrode  reaction  is  responsible  for  the  dioxide  going  into  solution:  whether  the  ions  migrate  into  the  electrolyte 
directly  from  the  dioxide  lattice,  similar  to  the  anodic  solution  of  metals,  or  whether  the  dioxide  is  chlorinated 
at  the  anode  by  the  chlorine  tliat  is  liberated  as  the  result  of  the  discharge  of  Cl”  ions.  To  answer  this  question 
we  made  a  study  of  the  anodic  polarization  of  uranium  dioxide  electrodes. 

The  experiments  were  run  in  a  closed  quartz  cell,  the  same  as  was  used  in  the  previous  experiments  (Fig.  1). 
The  electrolyte  was  a  eutectic  mixture  of  lithium  and  potassium  chlorides  fused  at  550“.  The  melt  was  first 
blown  with  dry  hydrogen  chloride  to  remove  any  possible  traces  of  moisture  (the  anode  was  not  immersed  in  the 
electrolyte  during  this  period).  To  remove  the  gases  the  cell  was  evacuated,  and  then  was  filled  with  pure  argon. ' 
The  readings  were  begun  10  minutes  after  the  anode  was  immersed  in  the  melt.  The  anode  potentials  were 
measured  after  a  4-5  second  polarization  at  the  moment  of  turning  off  the  polarizing  current,  using  a  recor¬ 
ding  oscillograph,  relative  to  the  chlorine  electrode.  The  construction  of  the  chlorine  electrode  had  been  des¬ 
cribed  earlier  [9],  It  was  placed  in  a  separate  quartz  test  tube  with  a  diaj^ragm,  which  prevented  the  chlorine 
from  dropping  on  the  anode.  The  current  density  was  calculated  on  the  basis  of  the  geometric  surface  of  the 
anode  immersed  in  the  electrolyte.  It  was  varied  in  wide  limits  ranging  from  0.001  to  1  A/cm*. 

The  measurement  results  (relative  to  the  chlorine  electrode)  are 
shown  in  Fig.  2.  They  show  that  at  small  current  densities  (below  0.05 
A/cm*)  the  anodic  process  proceeds  with  insignificant  polarization  (the 
anodic  polarization  increases  by  0.01’3  V,  while  the  current  density  is 
increased  approximately  100- fold).  The  anode  potential  is  approxi¬ 
mately  0.57  V  more  negative  than  the  potential  of  the  chlorine  elec¬ 
trode,  which  corresponds  to  a  chlorine  pressure  over  it  of  the  order  of 
10-5  atm.  When  the  current  density  reaches  a  value  of  0.06  A/cm*, 
the  anodic  potential  begins  to  increase  much  more  rapidly  with  the 
current  density.  This  break  in  the  polarization  curve,  as  was  shown 
experimentally,  is  not  associated  with  a  change  in  the  nature  of  the 
ions,  migrating  into  the  electrolyte  during  the  solution  of  the  anode. 

In  the  whole  interval  of  current  densities  studied  the  anodic  yield  of 
ions,  based  on  the  current,  is  practically  equal  to  lOO^o. 

The  anodic  solution  of  uranium  dioxide,  similar  to  the  metals, 
proceeds  with  slight  polarization,  apparently  associated  with  concen¬ 
tration  changes  in  the  pre-electrode  layer  of  the  electrolyte,  at  a  po¬ 
tential  close  to  the  equilibrium  potential.  The  electrode  reaction  re¬ 
presents  direct  migration  of  the  ions  into  the  melt  without  the 

intermediate  discharge  of  chlorine  ions.  The  potential  of  the  electrode 
should  be  determined  by  the  molar  concentration  of  UOi'*"*’  ions  in  the 
electrolyte.  If  such  is  the  case,  then  by  measuring  the  temperature  de¬ 
pendence  of  the  e.m.f.  of  the  galvanic  element;  UC^  UC^Clj  (melt) 
CI2,  C,  we  can  find  the  value  of  the  thermodynamic  parameters  of 
uranyl  chloride ,  for  which  there  fail  to  be  any  literature  data  at  the 
present  time  [10]. 

The  break  in  the  polarization  curve  is  probably  conditioned  by  the  formation  of  a  second  oxide  phase 
(UsOg)  in  the  surface  layer  of  the  anode,  in  which  the  diffusion  of  oxygen  is  more  difficult  than  for  the  case  of 
its  diffusion  in  the  oxide  phase  of  variable  composition  (UC^  00-00^.33). 


f(8V) 

Fig.  2,  Polarization  curve 
(anode  from  uranium  dio¬ 
xide). 


since  the  potential  for  the  dischaige  of  UP2++  ions  at  the  cathode  is  more  positive  by  approximately  1  V 
than  the  potential  for  the  liberation  of  metallic  uranium,  then  even  slight  contaminations  of  the  electrolyte  by 
oxygen  should  lead  to  contamination  of  the  cathodic  deposits  of  the  metal  by  the  dioxide. 

SUMMARY 

1.  Electrodes  were  prepared  from  uranium  dioxide,  which  could  be  used  as  anodes  in  the  electrolysis  of 
molten  chlorides  at  current  densities  up  to  3  A/cm*. 

2.  The  behavior  of  uranium  dioxide  anodes  of  composition  U0i^o4  in  a  molten  mixture  of  potassium  and 
lithium  chlorides  was  studied  at  650".  It  was  established  that  they  go  into  solution  in  die  interval  of  current 
densities  ranging  from  0.001  to  1  A/cm*,  forming  uranyl  ions  in  the  electrolyte  inlOO^o  yield  based  on  the  cur¬ 
rent.  The  excess  oxygen  accumulates  in  the  anode,  while  the  UOfe++  ions,  in  their  discharge  at  the  cathode, 
give  a  deposit  of  uranium  dioxide  of  stoichiometric  composition. 

3.  The  polarization  of  uranium  dioxide  anodes  of  composition  UOfe_(,4  '^^s  measured  at  550"  in  a  melt  of 

chlorides.  It  was  found  that  at  current  densities  below  0,05  A/cm*  the  potential  at  the  anode  is  more  negative 
by  0.57  V  than  die  potential  of  the  chlorine  electrode,  and  changes  but  slightly  with  the  current  density.  More 
substantial  polarization  is  observed  above  0.05  A/cm*.  It  is  postulated  that  electrodes  made  from  uranium  dio¬ 
xide  behave  in  melts  the  same  as  do  metallic  electrodes.  Their  potential  is  determined  by  the  molar  concen¬ 
tration  of  ions  in  the  electrolyte. 
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SOME  PHYSICOCHEMICAL  PROPERTIES  OF  BARIUM.  COBALT 
AND  COPPER  CIS-BOROTUNGSTATES 

E.  A.  Nikitina  and  O.  N.  Sokolova 


Literature  data,  relating  to  a  study  of  the  physiocochemlcal  properties  of  borotungstates (in  the  future  we 
will  designate  them  as  b.  t.),  are  meager.  Thus,  A.  V.  Rakovsky  and  A.  V.  Babaeva  [1]  studied  the  dissociation 
pressure  of  the  crystallohyd rates  of  pentasubstituted  barium  b.  t.  Ba5Hg(B(W207)6]j  •  XH2O  under  Isothermal  con¬ 
ditions  by  the  van  Bemnelen  method  and  established  the  existence  of  hydrate  forms  with  54.77—52.32,  39.16  and 
36.19  moles  of  H2O,  calculated  on  the  basis  of  total  oxides  BaO  •  B2QJ  •  24WOs, 

In  the  literature  [2]  cobalt  b.  t.  CogHg[B(W207)e]2  *  ^  H2O  is  described  as  a  pentasubstituted  salt,  crystal¬ 
lizing  with  18  moles  of  H2O,  The  salt  forms  current- red  solutions  with  a  high  specific  gravity;  tiius,  a  solution 
not  saturated  at  1'3‘  has  d  3.36-3.37.  Kahlbaum  [3]  determined  the  solubility  of  cobalt  b.  t.  in  water  in  the  tem¬ 
perature  interval  16.2—21.8"  without  indicating  the  composition  of  the  solid  phases.  The  parts  of  salt  found  in 
100  parts  of  water  were:  at  16.2*  — 306.8,  at  18.5"-288,  at  19.6* -299.7,  and  at  21.8*-286. 

Copper  b.  t.  Cu5H8[B(W207)gi  •  XH2O,  described  by  Klein  [2],  separates  from  solutions  as  prismatic  crystals, 
readily  soluble  in  water;  a  solution  saturated  at  20*  contains  807o  salt  and  has  d  2.6;  with  elevation  of  the  tem¬ 
perature  the  solubility  of  the  salt  apparently  increases  slightly.  At  165*  the  salt  loses  about  14  moles  of  H2O  and 
becomes  white.  Copaux  [4]  obtained  a  pentasubstituted  copper  b.  t.  Kahlbaum  [3]  described  a  crystallohydrate 
of  the  disubstituted  copper  salt,  separating  from  solutions  as  tablet  crystals.  The  author  indicates  that  during 
crystallization  a  nearly  white  salt  separated  iil  the  first  fraction,  with  sky-blue  crystals  appearing  later.  The 
solubility  of  the  salt  in  water  was  determined  without  studying  the  composition  of  the  solid  phase.  The  parts  of 
salt  found  in  100  parts  of  water  at  20.8"  was  363.7,  and  at  20.9^  it  was  360.3.  The  specific  gravity  of  the  copper 
b.  t.  solution,  saturated  at  15.5*,  was  3.0073. 


EXPERIMENTAL 

Synthesis  of  Cobalt  and  Copper  Borotungstates.  The  starting  compound  for  the  preparation  of  cobalt  and 
copper  b.  t.  was  the  barium  salt,  for  which  the  method  of  preparation  had  been  developed  by  us  earlier  [5]. 

The  cobalt  salt  of  b.  t.  acid  was  obtained  by  adding  an  approximately  lO'yo  cobalt  sulfate  solution  to  a  6^0 
barium  b.  t.  solution  until  all  of  the  barium  had  precipitated,  but  without  an  excess  of  C0SO4.  After  standing 
for  16-18  hours  the  cobalt  b.  t.  solution  was  carefully  filtered  and  evaporated  on  the  water  bath  to  separate  the 
crystals  of  the  compound.  Analysis  of  the  obtained  salt  gave  the  following  results:  H20-  9.74<yo,  CoO-6.41<yo 
(for  the  salt  without  hydration  water);  calculated  amount  of  CoO-6.287o.  The  formula  C05Hj[B(W2O7)8]2  •  32H2O 
corresponds  to  the  found  composition. 

The  copper  salt  of  b.  t.  acid  was  obtained  in  the  same  manner  as  the  cobalt  salt  from  barium  b.  t.  and 
copper  sulfate. 

Analysis  of  the  obtained  salt  gave  the  following  results:  H2O- 10.83‘7o,  C«0— 6.62<yo;  calculated  (for  the 
salt  without  hydration  water.)  CuO— 6.52‘yo.  On  the  basis  of  the  analysis  results  the  obtained  salt  should  be  as¬ 
signed  the  formula  Cu5Hg[B(W207)6i  •  36H2O. 
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Study  of  the  Systems  Barium  and  Cobalt  Borotungstates- HjO  by  the  Solubility  Method 


The  studies  were  made  by  us  In  the  temperature  interval  from  1  to  80*  in  a  thermostat  of  the  usual  con¬ 
struction;  the  variations  in  the  temperatures  did  not  exceed  j:0.1*. 

The  solid  phase  was  separated  in  the  following  manner:  the  solution,  remaining  In  the  vessel  after  analysis 
of  die  liquid  phase  had  been  completed,  was  suction- filtered  as  completely  as  possible  through  a  Buchner  funnel 
using  a  water- Jet  pump:  the  crystals  were  dried  with  filter  paper  in  the  test  tube  and  also  after  their  extraction 
from  it.  Samples  of  the  liquid  and  solid  phase  were  weighed  in  platinum  crucibles.  In  analyzing  the  liquid  phase 
the  solution  was  first  carefully  evaporated  to  dryness  on  an  air  bath  using  a  weak  flame,  after  which  the  crucible 
was  kept  on  the  air  bath  at  a  temperature  of  about  300*  for  30  minutes,  and  then  it  was  ignited  for  2-3  minutes 
over  the  free  flame.  The  residue  was  a  mixture  of  the  oxides  5BaO  •  B2P3  •  24WC)3.  In  analyzing  the  solid  phase 
1-2  ml  of  water  was  added  to  the  weighed  sample  of  crystals,  and  then  the  procedure  was  the  same  as  described 
above.  The  water  was  added  for  die  reason  that  at  times  the  salt  crystals  failed  to  dehydrate  unlfonnly,  with  the 
result  that  the  substance  spattered  and  was  ejected  from  the  crucible;  when  the  solution  is  evaporated  the  sub¬ 
stance  forms  a  thin  layer  on  the  surface  of  the  crucible  and  the  dehydration  proceeds  both  uniformly  and  smoothly. 

On  the  basis  of  the  obtained  data  we  calculated  the  content  of  the  salt  the  liquid  and 

solid  phases,  and  also  the  composition  of  the  crystallohydrate. 


TABLE  1 

Solubility  of  Barium  Borotungstate 


Temper¬ 

ature 

Amount  of 

Ba,H,  [B(W,0,W, 
in  liquid  phase 
(in%) 

'  No.  H,0 
molec.  in 
compo,  of 
the  crystal¬ 
lohydrate 

BnsH,  IB  (W,0,U 

H,o 

1° 

11.96 

85.13 

14.87 

53.48 

20 

48.84 

85.78 

14.22 

51.14 

40 

65.56 

86.06 

13.94 

50.14 

60 

71.61 

87.88 

12.12 

43.59 

80 

74.66 

89.33 

10.67 

38.38 

a)  Solubility  of  the  Barium  Salt.  The  starting  substance  Ba5H8[B(W207)gl5  •  46H2O  was  prepared  by  the 
earlier  developed  method. 

The  results  of  studying  the  solubility  are  presented  in  Table  1.  Analysis  of  the  solid  phases  Indicates  a 
Jumplike  change  in  the  water  content  at  temperatures  above  40*;  apparently,  a  portion  of  the  water  in  barium 
b.  t.  forms  solid  solutions,  while  another  portion  represents  ordinary  water  of  crystallization. 

The  obtained  data  testify  to  the  fact  tliat  barium  b.  t.  is  readily  soluble  in  water;  the  temperature  coef¬ 
ficient  of  the  solubility  is  substantial,  and  the  increase  in  solubility  is  especially  sharp  in  the  temperature  interval 
from  1  to  40*:  in  the  temperature  region  from  50*  and  higher  the  rise  in  solubility  is  less  intense. 

Some  of  the  hydrate  forms  obtained  by  us,  and  specifically  the  hydrates  with  53.48  and  38.38  moles  of 
H2O,  have  been  described  earlier  [1]  as  being  solid  solutions;  we  were  the  first  to  obtain  the  hydrate  forms  with 
61.14,  50.14  and  43.59  moles  of  H2O. 

b)  Solubility  of  the  Cobalt  Salt.  To  study  the  solubility  we  used  the  salt  of  composition  CO|iH2[B(W207)ejl2  • 
<32H20.  The  methbd  used  to  study  the  solubility  was  similar  to  the  one  Just  described  for  the  barium  salt. 

The  results  of  studying  the  solubility  are  presented  in  Table  2. 

The  solubility  of  cobalt  b.  t.  increases  smoothly  in  measure  wltli  temperature  increase:  apparently,  a  por¬ 
tion  of  the  hydration  water  forms  solid  solutions;  cobalt  b.  t.  is  readily  soluble  in  water;  the  solubility  tempera¬ 
ture  coefficient  of  the  cobalt  salt  is  smaller  tlian  tiiat  of  the  barium  salt.  All  of  the  hydrate  fonns  of  the  salt  that 
we  obtained  were  previously  unknown  in  the  literature. 
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TABLE  2 

Solubility  of  Cobalt  Borotungstate 


Temper¬ 

ature 

Amount  of 

in  liquid  phase 

Compo.  of  solid 
phase  (%) 

No.  H,0 
molec.  in 
compo,  of 
the  d/ystal- 
lohydrate 

CoiH,[B(W,0,XJ, 

H,0 

1® 

58.60 

84.72 

15.28 

60.90 

20 

67.36 

85.10 

14.90 

59.16 

40 

72.74 

86.03 

13.97 

54.87 

60 

76.59 

87.76 

12.24 

47.13 

80 

78.86 

88.45 

1.55 

44.12 

Thermogra phic  St udy  of  B arium  and  Cobalt  Borotungstates  * 

An  N.  S.  Kurnakov  pyrometer,  with  both  direct  and  differential  recording,  was  used  to  study  the  heating 
curves  of  barium  and  cobalt  b.  t;  the  recording  was  made  in  the  temperature  interval  from  18  to  250”.  The  dur¬ 
ation  of  heating  was  40  minutes. 

The  obtained  data  are  shown  in  Figs.  1  and  2.  Curve  1  on  these  plots  corresponds  to  the  heating  of  the 
sample,  and  Curve  2  corresponds  to  the  differential  recording,  showing  the  presence  of  a  difference  in  the  tem¬ 
perature  of  the  sample  and  the  standard  during  the  heating  process. 


Fig.  1.  Thermogram  of  barium  boro- 
tungstate. 

Explanation  in  text. 


Fig.  2.  Thermogram  of  cobalt  boro- 
tungstate. 

Explanation  in  text. 


a)  Barium  Borotungstate.  For  the  study  we  took  the  salt  of  composition  BasHrfWjOyJgli  •46H|0. 

The  obtained  thermogram  (Fig.  1)  indicates  the  existence  of  three  endothermic  effects  at  103,  127  and  168* , 

By  gravimetric  analysis  it  was  established  that  at  103"  the  salt  loses  14  moles  of  water:  consequently,  at  this 
temperature  the  solid  phase  contains  32  moles  of  HjO;  at  127*  26  moles  of  water  are  lost,  and  at  this  temperature 
the  solid  phase  contains  20  moles  of  water;  at  168”  the  salt  loses  43  moles  of  water;  the  solid  phase  at  this  tem¬ 
perature  contains  3  moles  of  water;  the  last  3  moles  of  hydration  water  are  removed  at  above  250*.  As  a  result, 
the  new  hydrates  of  barium  b.  t.  with  32,  20  and  3  moles  of  water  were  disclosed  by  the  thermographic  method. 

b)  Cobalt  Borotungstate.  For  study  we  took  the  salt  of  composition  Co5Hg[B(W207)eJ  *321120.  The  obtained 
thermogram  (Fig.^)  indicates  die  existence  of  one  endothermic  effect  at  115”;  at  this  temperature  the  salt  loses 
29  moles  of  water  and  the  hydrate  of  composition  Co5Hg[B(W207)6i  •3Hj[0  is  formed.  The  last  3  moles  of  hydra¬ 
tion  water  are  lost  above  115”,  without  any  heat  effect;  then  the  salt- forming  water  is  lost,  and  the  heterqjoly 
compound  begins  to  decompose.  Thermographic  study  reveals  that  3  moles  of  the  hydration  water  in  the  salts 
are  bound  more  firmly  than  are  the  remainder;  however,  the  stability  of  the  bond  of  the  salt- forming  water  is 
substantially  greater  and  its  loss,  observed  above  250”,  is  associated  with  decomposition  of  the  heteropoly  anion. 

•  E.  V.  Buris  participated  in  this  portion  of  the  work. 
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Spectrophotometrlc  Study  o f  Solutions  of  Copper  and  Cobalt  Borotungstates 

A  Hilger  spectrophotometer  was  used  for  the  study.  The  obtained  data  are  shown  in  Figs.  3  and  4;  1%  solu¬ 
tions  of  the  salts  were  used  in  the. study. 

The  performed  investigation  made  it  possible  to  establish  that  a  broad  absorption  region  with  a  maximum 
in  the  green  portion  of  the  spcctmm  is  characteristic  for  the  cobalt  b.  t.  solution;  for  copper  b.  t.  a  sharp  rise  in 


Fig.  3.  Curve  for  tlie  light  absorption 
of  cobalt  borotungstatc  solution. 


Fig.  4.  Curve  for  the  light  absorption 
of  copper  borotungstate  solution. 


absorption  was  observed  in  the  transition  from  the  green  portion  of  the  spectmm  to  die  region  of  longer  wave¬ 
lengths.  The  character  of  the  light  absorption  depends  primarily  on  the  properties  of  the  salt  cations;  the  influ¬ 
ence  of  the  heteropoly  anion  is  expressed  more  weakly. 


SUMMARY 


1.  Cobalt  and  copper  borotungstates  were  obtained  by  the  exchange  decomposition  of  barium  borotung- 
states  with  cobalt  and  copper  sulfates. 

2.  The  solubility  of  barium  and  colbalt  borotungstates  was  studied  in  the  temperature  interval  from  1  to 

80*. 


3.  The  existence  of  hydrates  of  barium  borotungstate  with  51.14,  50.14,  43.59  and  38.38  moles  of  HjO 
was  established  by  the  solubility  method.  Hydrates  with  60.9,  59.15,  54.87,  47.13  and  44.12  moles  of  HjO  were 
obtained  for  cobalt  borotungstate. 

4.  The  existence  of  the  hydrates  of  barium  borotungstates  with  32.20  and  3  moles  of  HjO  and  of  the  hy¬ 
drate  of  cobalt  borotungstate  with  3  moles  of  H2O  was  established  by  the  thermographic  method. 

5.  A  spectrophotometric  study  was  made  of  solutions  of  cobalt  and  copper  borotungstates.  A  maximum 
was  established  on  the  absorption  curve  of  the  cobalt  salt;  it  was  shown  that  the  character  of  the  light  absorption 
depends  mainly  on  the  properties  of  the  salt  cations. 
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HETEROTRIACIDS 


VI.  SOME  PROPERTIES  OF  HETEROTRIACIDS 

A.  I.  Kokorin  and  N.  A.  Polotebnova 


In  previous  communication  [1-3]  we  described  the  synthesis  of  a  number  of  heterotriacids  and  established 
their  composition.  In  (Darticular,  we  studied  the  heterotriacids  of  phosphorus  and  silicon  with  a  variable  compo¬ 
sition  of  the  addenda,  containing  molybdenum  and  tungsten. 

Lt  the  present  communication  we  present  the  experimental  data  obtained  by  us  in  studying  some  of  the 
mote  important  properties  of  all  of  the  heterotriacids  synthesized  by  us  earlier. 

Some  Physical  Properties.  All  of  the  heterotriaclds  of  phosphorus  and  silicon  synthesized  by  us  are  crystal¬ 
line  substances.  The  crystals  have  the  shape  of  regular  octahedrons,  frequently  with  cut  edges. 

The  compounds,  having  molybdenum  and  tungsten  as  addenda,range  in  color  from  weak  to  intensely  yellow, 
depending  on  the  amount  of  molybdenum  present  in  the  composition  of  the  polyanion.  The  tungstovanadium 
heterotriacids  are  colored  orange-red,  and  the  molybdovanadium  compounds  range  in  color  from  red-orange  to 
ruby- red. 

The  amount  of  water  of  crystallization  strongly  depends  on  the  crystallization  conditions.  The  same  he¬ 
teropolyacid  can  crystallize  with  a  different  number  of  water  molecules.  The  minimum  amount  of  water,  15-16 
molecules,  was  revealed  in  the  crystallohydrates  of  phosphomolybdovanadic  and  phosphomolybdotungstic  (I)  acids, 
and  the  maximum,  37-38  molecules,  in  some  samples  of  the  phosphotungstovanadic  and  silicotungstovanadic 
acids.  Compounds  with  24  and  28  molecules  of  water  are  obtained  more  frequently  than  the  others.  All  of  the 
crystallohydrates  effloresce  to  a  greater  or  less  degree  in  the  air,  gradually  changing  to  a  powder.  Here  some  of 
the  heterotriacids  begin  to  decompose  with  the  separation  of  difficulty-soluble  oxides  of  tungsten,  molybdenum, 
vanadium  and  silicon.  Of  the  heterotriacids  the  phosphomolybdovanadic  acid  is  extremely  stable,  which  does 
not  decompose  when  stored  in  a  closed  flask  for  a  number  of  years.  It  is  more  stable  than  the  phosphomolybdic 
acid.  The  silico-  and  germani-molybdovanadic  acids  decompose  more  readily  than  the  others.  The  phospho- , 
germani-  and  silicotungstovanadic  heterotriacids  are  considerably  more  stable.  The  last  belongs  to  the  class  of 
quite  stable  heterotriacids- its  storage  in  a  closed  flask  for  more  than  two  years  failed  to  produce  any  changes. 

The  phosphomolybdotungstic  acids  are  not  characterized  by  a  great  stability,  while  the  analogous  triacids  with 
a  central  silicon  atom  show  average  stability.  The  storage  of  the  latter  for  several  months  fails  to  result  in  any 
noticeable  changes. 

The  gradual  heating  of  the  heterotriaclds  results  in  the  stepwise  removal  of  water.  The  water  of  the  sep¬ 
arate  acids  is  held  with  variable  strength.  This  problem  is  discussed  in  detail  in  a  special  study  [4], 

The  synthesized  compounds  are  quite  stable  in  water  solutions.  However,  on  prolonged  standing  the  color 
of  the  solutions  fades,  whichsuggests  slow  hydrolysis,  and  finally  the  solutions  begin  to  turn  cloudy.  The  time 
when  cloudiness  appears  is  a  function  of  the  nature  of  the  inner  sphere.  Thus,  the  solutions  of  the  phosphomo¬ 
lybdotungstic  acids  cannot  stand  long  storage.  The  turbidity  begins  to  iippear  within  two  to  three  weeks  of  stor¬ 
age,  whereas  in  the  case  of  the  silicotungstovanadic  acid  solution  the  turbidity  failed  to  appear  even  after  two 
years  of  storage. 

All  of  the  heteropolyacids  are  readily  soluble  in  the  alcohols:  ethyl,  butyl,  isobutyl,  glycerol  and  cyclo- 
hexanol;  in  formaldehyde,  benzaldehyde,  acetone  and  cyclohexanone;  in  formic  and  glacial  acetic  acids. 


339 


TABLE  1 


Melting  Points  of  the  Crystallohydratcs  of  the  Heteropolyacicls  of 
Phosphorus  ^nii  Silicon 


Heieropolyacld 


Ht 

H; 

H; 

H; 

H; 

H; 

H7 


P(Mo207)r,V20«]  •  26H,0  . 
P  (W,07)5V,0„J  .  24H;0  .  . 
P  (MJ207)5W.,07j  •  26H,0  . 
P(Mo207)4  (W207)2]  •  24H,0 
P(M0207)j  (W2O7),  •24H2O 
P  (Mo., 07)2  (W207)4j  •  22H,0 
PMC2O7  (W207)r,|  •  23H20‘. 


Hh[SI  (Mo207)r,  V20„l  .  32H,0  . 

HhISI  (W.207)r,  V.,0„J  .29H,b  .  . 
HJSI  (Mo., 07)5  W9O7]  •  25H,0  . 
Hs  Si  (Mo.207)4  (^207)2]  •  30H.,O 
Hh  Si  (M02O7).,  (WaO;);,!  •  31H.0 
Hs  Si  (Mo.,07)2  (W.207)4j  •  33HP 
Hs[Si  Mo2b7  (W.,07)5]  •  28H,0  . 


Melting  point  (avg,  of 
three  determin.) 


47.5'’ 

52 

63 

70 

78 

89 

88 

39 

39 

37 

34 

34 

35 
37 


In  Table  1  we  give  the  melting  point  data  for  a  number  of  samples  of  heteroacids,  obtained  by  us  with  a 
high  and  approximately  close  (witliin  the  separate  groups  of  compounds)  content  of  water  of  crystallization.  The 
triacids  with  a  central  silicon  atom  show  a  very  low  melting  point  (34-39"),  while  the  phosphomolybdotungstic 
heteropolyaclds  show  a  very  high  melting  point  (63-89").  The  melting  point  of  the  crystallohydrates  of  the  phos¬ 
phomolybdotungstic  acids  is  found  to  be  directly  related  to  the  amount  of  tungsten  in  the  heterotriacids  when 
compared  with  molybdenum.  With  a  constant  amount  of  water  of  crystallization  it  increases  with  increase  in 
the  tungsten  content.  Numerous  observations  give  basis  to  state  that  for  the  same  compound  the  melting  point 
strongly  depends  on  the  amount  of  water  of  crystallization.  The  greater  the  amount  of  water,  the  lower  the  melt¬ 
ing  point  of  the  given  compound. 

Potentiometric  Titration  of  Heterotriacids,  Containing  Vanadium.  Physlocochemical  investigations  made 
to  study  the  structure  of  heteropolyacids  have  been  used  for  a  comparatively  long  time  and  to  a  considerable  de¬ 
gree  have  facilitated  the  development  of  theoretical  representations  as  to  their  composition.  Thus,  for  example, 
to  determine  the  basicity  of  silicotungstic  and  silicomolybdic  acids  Copaux  [5]  used  the  method  of  measuring 
the  conductivity  of  their  solutions.  Conductometric  and  potentiometric  titration  [6,  7]  and  a  number  of  other 
methods  can  also  be  used  for  this  purpose. 

To  elucidate  the  basicity  of  the  heterotriacids  and  their  stability  toward  alkalies  we  used  the  potentio¬ 
metric  titration  method.  An  attempt  to  use  the  hydrogen  and  hydroxyantimony  electrodes  for  this  purpose  did 
not  lead  to  a  positive  result  due  to  the  partial  reduction  of  the  indicated  electrode  by  a  number  of  the  compounds 
studied  by  us.  The  quinhydrone  electrode  could  not  be  used  in  solutions  showing  alkaline.  The  glass  electrode 
proved  to  be  most  suitable  for  our  purposes.  The  use  of  potassium  hydroxide  solution  instead  of  sodium  hydroxide 
increases  the  possibility  of  titrating  in  a  more  alkaline  medium. 

To  titrate  the  studied  compounds  we  used  a  glass  electrode  with  an  LU-2  lamp  amplifier  and  a  potentio¬ 
meter  of  the  PPTV-1  type.  The  use  of  the  indicated  equipment  makes  it  possible  to  determine  the  pH  with  an 
accuracy  of  ±0.02  units. 

To  eliminate  the  error  of  asymmetry  of  the  glass  electrode  the  apparatus  was  adjusted  widi  the  aid  of  buffer 
solutions,  having  pH  3,  7.09  and  9.11,  which  were  prepared  from  mixtures  of  succinic  or  boric  acid  with  die  pro¬ 
per  amounts  of  sodium  tetraborate.  The  asymmetry  potential  of  the  glass  electrode  had  the  same  value  for  all 
diree  of  the  indicated  buffer  solutions  and  remained  stable  with  time. 

In  the  present  communication  we  give  the  potentiometric  titration  results  for  six  heterotriacids  with  central 
atoms  of  phosphorus,  silicon  and  germanium,  containing  vanadium  in  the  composition  of  the  addenda. 
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For  titration  we  prepared  0.02M  solutions  of  the  heteroacids,  proceeding  from  the  weight  of  the  total  oxides, 
obtained  after  the  complete  removal  of  water  at  460-480*.  To  20  ml  of  the  studied  solution  was  added  20  ml 
of  distilled  water,  and  the  titration  was  run  with  0.2N  potassium  hydroxide  solution.  The  temperature  during 
titration  was  maintained  constant  at  18*.  When  the  first  titration  jump  was  reached,  then  to  establish  the  con¬ 
stancy  of  the  potential  it  was  necessary  to  boil,  and  then  rapidly  cool,  after  the  addition  of  each  portion  of  al¬ 
kali.  However,  after  this  the  potential  was  always  measured  at  the  same  temperature  of  18".  A  correction  was 
Introduced  for  tlie  values  of  the  hydrogen  ion  concentration  obtained  by  direct  titration,  which  compensated  for 
the  change  in  the  initial  volume  of  the  titrated  solution  during  titration. 

The  study  results  are  shown  in  Figs.  1  and  2. 

Measurement  of  the  Conductivity  of  Solutions  of  Heterotriacids,  Containing  Vanadium,  and  Their  Potas¬ 
sium  Salts.  The  conductivity  measurements  were  made  the  same  as  had  been  described  earlier  [3].  The  molar 
(fi )  and  equivalent  (\)  conductance  with  dilution  up  to  1024  liters  are  given  in  Table  2.  Further  dilution  up  to 
8192  liters  fails  to  change  the  conductivity  values.  The  equivalent  conductance  was  calculated  from  the  amount 
of  gram -equivalents  of  alkali,  consumed  for  the  neutralization  of  the  salt- forming  hydrogen  ions. 


pH 


Fig.  1.  Curves  for  the  titration  of  phosphomolybdovanadic 
(1),  germanimolybdovanadic  (2),  germanitungstovanadic 
(3)  and  phosphotungstovanadic  (4)  acids. 


Measurement  of  the  pH  of  Water  Solutions  of  the  Heterotriacids.  Using  a  glass  indicator  electrode  and  a 
calomel  semielement,  the  potentiometric  method  was  used  to  measure  the  pH  of  the  water  solutions  at  three  di¬ 
lutions  and  a  temperature  of  25*. 


For  comparison  with  the  experimentally  found  values,  we  calculated  the  theroetical  pH.of  the  same  solu¬ 
tions,  taking  into  consideration  the  hydrogen  ion  concentration  and  the  activity  coefficient.  To  find  the  latter 

we  calculated  the  ionic  strength  of  solutions  J  by  the  formula;  J  =  ^  —  ,  where  Cj  is  the  hydrogen  ion 


concentration,  is  the  charge  of  the  hydrogen  ion,  C2  is  the  concentration  of  the  heteropolyanion,  and  zj  is  the 
charge  of  the  heteropolyanion.  The  values  of  the  activity  coefficients  were  taken  from  the  data  of  [8]. 


The  results  of  determing  the  pH  are  given  in  Table  3. 

Some  Chemical  Properties  of  the  Heterotriacids.  A  study  of  the  heterotriacids  revealed  that  all  of  these 
compounds  precipitate  under  certain  conditions  the  cations  ammonium,  rubidium,  cesium,  thallium,  thorium, 
lead,  zirconium  and  univalent  mercury.  These  precipitates  are  either  insoluble  or  difficultly  soluble  in  mineral 
acids.  In  this  respect  the  heterotriacids  differ  but  slightly  from  the  corresponding  diacids. 


Their  behavior  toward  reducing  agents  and  organic  substances  is  of  greatest  interest. 
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pH 


Fig.  2.  Curves  for  the  titration  of  siliconiolybclovanadic 
(1),  silicotungstovanadic  (2),  phosphomolybdic  (3)  and 
phosphotnngstic  (4)  acids. 

To  study  their  behavior  toward  reducing  agents  wc  used  0.02M  solutions  of  the  heteropolyacids.  As  reduc¬ 
ing  agents  we  used  O.ObN  solutions  of  FCSO4,  SbClj,  SnClj,  and  TiCJs.  The  studies  were  made  in  both  acid  and 
alkaline  media.  The  intensity  of  color  and  its  stability  was  observed.  All  of  the  hcterotriacids  are  reduced  by 
strong  reducing  agents  (Ti^,  Sn*"^)  to  dark  blue  products.  An  increase  in  the  tungsten  content  leads  to  the  ap¬ 
pearance  of  an  increasing  violet  hu3.  The  pliospho-,  silicomolybdovanadic  and  phosphomolybdotungstic  1  and  II 


TABI.E  2 

Molar  and  Equivalent  Conductance  of  Solutions  of  Hcterotriacids,  Containing  Vanadium, 
and  Their  Potassium  Salts 


Name  of  acid 

Pr.i2 

m 

^1024 

1 

Phosphomolybdovanadic 

1545 

1592 

1705 

341 

537 

580 

630 

126 

Phosphotungstovanadic 

1H71 

1959 

2054 

342 

619 

699 

771 

129 

SilicomolyWovanadic 

1532 

1511 

1722 

344 

527 

615 

722 

144 

Silicotungstovanadic 

1S76 

1985 

2083 

347 

577 

650 

742 

124 

Germaniumolybdovanadic 

14'6 

15'3 

1705 

341 

554 

625 

725 

145 

German!  tungstovanadic 

1504 

1603 

1665 

333 

530 

1 

587 

i 

612 

124 

acids  are  nicely  reduced  by  antimony  trichloride  (E5(,B+yg|,3'  0.64  V).  Consequently,  their  oxidation-reduc¬ 

tion  potential  is  greater  than  0.64  V.  However,  it  is  not  higher  than  0.77  V,  since  the  reduetion  of  the  indicated 
heteroacids  by  a  ferrous  salt  solution  (EpeS+/Fe*+  =  0.77  V)  fails  to  give  a  blue-colored  solution,  and  it  only  turns 
green.  The  blue  reduction  products  show  a  variable  stability.  The  reduction  products  of  silicomolybdovanadic 
acid  show  the  greatest  stability  to  the  atmosphere  and  with  respect  to  acids.  The  analogous  acid  with  a  central 
phosphonis  atom  also  gives  a  blue  product  tliat  is  stable  to  tlte  air.  However,  reduction  in  a  strongly  acid  medium 
(above  IN)  leads  to  a  less  intense  color  due  to  partial  decomposition  of  the  heteropolyacid.  The  stability  of  the 
reduction  products  of  tlie  heteroacids,  containing  tungsten  in  tlic  nature  of  addendum,  is  found  to  depend  on  the 
content  of  the  latter:  the  greater  tlie  tungsten  content,  the  less  stable  the  reduction  products. 

To  study  the  behavior  toward  organic  substances  we  added  0.5  ml  of  a  solution  of  the  organic  compound 
to  0.5  ml  of  a  0.02M  solution  of  the  heteroacid.  The  organic  substances  that  we  tested  were  a  aqueous 
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TABLE  3 


pH  of  Water  Solutions  of  Heteropolyacids  at  Different  Dilutions 


Concentra- 

Ionic 

strength 

Activity 

cocf- 

pU 

Heteropolyacid 

tion  of  acid 

IH*) 

calc. 

found 

(M) 

ficient 

Silicomolybdotungstic 
acid  (V) 

10-T 

io-< 

3.3  •  10-s 

4  •  10-'' 

4  •  10-» 
132  •  10-8 

10-5 

10-5 

3.3  •  10-“ 

0.98 

1 

1 

2.41 

3.40 

3.88 

2.46 

344 

3.90 

Phosphomolybdotungstic 

10-’ 

5  •  10-5 

1.5  •  10-2 

0.96 

232 

2.38 

acid  (III) 

io-« 

5 • 10-“ 

1.5  •  10-5 

1 

333 

3.34 

3.3  •  10-’'- 

165  .  10-6 

4.9  •  10-< 

1 

3.78 

3.82 

Phosphomolybdovanadic 

10-'’ 

io-« 

5  .  10-5 

5 • 10-“ 

1.5  .  10-2 
1.5  •  10-5 

0.96 

1 

2.32 

3.30 

2.43 

3  36 

3.3  •  10-‘ 

165  •  10-6 

4.9  •  10-“ 

1 

3.78 

3.80 

Silicomolybdovanadic 

10-^ 

io-< 

5  •  10-5 

5  •  10-“ 

1.5  •  10-2 
1.5  •  10-5 

0.96 

1 

2.32 

3.30 

2.43 

3.35 

3.3  •  10-5 

165  •  10-0 

4.9  •  10-“ 

1 

3.78 

3.80 

Silicotungstovanadic 

10-5 

\o-* 

6 • 10-5 

6  •  10-“ 

2.1  •  10-2 
2.1  •  10-5 

0.94 

1 

2.24 

3.22 

2.24 

3.28 

3.3  •  10-5 

198  •  10-6 

7  •  10-“ 

1 

3.70 

3.74 

lo-** 

6  •  10-5 

2.1  •  10-2 

0.94 

2.24 

2.31 

Phosphotungstovanadic 

10-* 

6  .  10-“ 

2.1  •  10-5 

1 

3.22 

3.28 

3.3  •  10-5 

198  •  10-6 

7  •  10-“ 

1 

3.70 

3.74 

eupferron  solution,  a  5%  solution  of  8-hydroxyquinoline  in  2N  aeetie  aeid,  a  7%  solution  of  pyrogallol  in  satu¬ 
rated  sodium  sulfite  solution,  a  0.01%  solution  of  diphenylamine  in  concentrated  sulfuric  acid,  a  10%.  aqueous 
thiourea  solution,  a  10%  solution  of  diphenylcarbazide  in  alcohol,  a  1%  alcohol  solution  of  dimethylglyoxime, 
a  0.5%  solution  of  benzidine  in  50%  acetic  acid,  and  a  20’/„  aqueous  solution  of  urotropine. 

Cupferron  is  precipitated  from  hydrochloric  acid  solution  by  all  of  the  indicated  compounds  with  the  for¬ 
mation  of  yellow  to  orange-brown  precipitates.  (The  diacids  under  similar  conditions  do  not  give  precipitates). 

With  8-hydroxyquinoline  all  of  the  heteropolyacids  give  yellow  to  brown  precipitates,  difficultly  soluble 
in  mineral  acids.  (The  diacids  of  silicon  give  white  precipitates). 

With  dimethylglyoxime  the  triacids  of  phosphorus  give  yellow  precipitates,  while  the  diacids  give  white 
precipitates,  soluble  in  nitric  and  hydrochloric  acids  (1 : 1).  The  heteroacids  with  a  central  silicon  atom  are 
precipitated  incompletely.  The  obtained  precipitates  are  readily  soluble  in  hot  water. 

With  pyridine  and  urotropine  all  of  the  hcterotriacids  give  variable  colored  precipitates,  soluble  in  hydro¬ 
chloric  acid  (1 : 1). 

With  anisidine  the  precipitates  are  white,  and  insoluble  in  acids. 

Benzidine  precipitates  the  studied  compounds  with  simultaneous  coloration  of  the  solution  over  the  white 
precipitate  (partial  reduction  of  the  heteroacid).  The  precipitates  are  soluble  in  concentrated  mineral  acids. 

Pyrogallol,  diphenylcarbazide,  hydroquinonc,  diphenylamine  and  thiourea  reduce  the  heterotriacids  to 
variably  colored  products,  the  color  ranging  from  green  and  violet  to  reddish-brown  and  blue. 

DISCUSSION  OF  RESULTS 

Potentiometric  titration,  measurement  of  the  conductivity  and  measurement  of  the  pH  values  of  the  water 
solutions  give  basis  to  make  a  number  of  conclusions. 

Attention  is  attracted  to  the  distinct  nature  of  the  first  titration  jump  for  the  triacids  containing  vanadium, 
especially  when  tungsten  is  contained  in  the  addendum.  This  titration  jump  corresponds  to  the  full  basicity  of 
heteropolyacids.  The  second  titration  jump,  corresponding  to  the  complete  decomposition  of  the  heteropolyanion. 


343 


i.e.  to  the  final  formation  of  the  simple  salts  of  the  acids,  entering  into  the  composition  of  the  acido  complex, 
is  absent  for  the  phoipho-  and  silicotungstovanadic  acids.  Their  acido  complex  is  so  stable  with  respect  to  al¬ 
kalies  that  it  is  not  completely  decomposed  even  when  boiled.  The  distinctness  of  the  first  and  second  titration 
Jumps  is  found  to  depend  on  the  stability  of  the  acido  complex  toward  alkalies.  The  first  titration  Jump  is  "dif¬ 
fuse"  if  the  heteropolyanion  is  unstable  (Fig.  2).  The  second  titration  Jump  is  completely  absent  with  a  very 
stable  heteropolyanion  (Fig.  2,  Curve  2). 

The  number  of  salt-forming  hydrogen  ions,  neutralized  by  the  potassium  hydroxide  solution,  is  equal  to 
five  for  the  vanadium- containing  heterotriacids  with  a  central  germanium  atom  (independent  of  whether  the 
second  addendum  is  molybdenum  or  tungsten),  and  also  for  the  vanadic  heterotriacids  of  phosphorus  and  silicon 
widi  molybdenum  as  the  second  addendum,  and  it  is  equal  to  six  for  the  phospho-  and  silicotungstovanadic  he- 
terotriaclds.  These  data  are  in  agreement  with  the  potentiometric  titration  results,  and  also  with  the  measure-  . 
ments  of  the  conductivity  and  pH  of  the  water  solutions  at  the  higher  dilutions.  Some  deviation  is  observed  for 
tfie  phosphotungstovanadic  acid  (slightly  more  than  6  equivalents  of  alkali  are  consumed  for  the  titration),  hows 
ever  measurements  of  the  conductivity  and  pH  value  of  its  water  solutions  indicate  the  presence  of  six  salt- form¬ 
ing  hydrogen  ions. 

As  a  result,  compounds  of  theis  type  correspnd  to  the  formulas:  H5H2[P(Moj[07)6V208],  H5H3[Si(Mo207)6V2C)^], 
HsHjCGefMojOrlgVjQB),  H5H3[Ge(W207)5V2C\5],  H,H[P(W207)5V2Qj],  HeHjESifWjOrlB  V2O6],  where  the  hydrogen  ions, 
replaced  by  potassium  in  the  neutralization  with  aikali,  are  placed  first. 

The  synthesized  heterotriacids  are  more  or  less  powerful  oxidizing  agents.  The  phospho- ,  silicomolybdo- 
vanadic  and  phosphomolybdotungstic  1  and  II  acids  have  a  real  oxidation  potential,  found  witiiin  the  limits  0.77- 
0.64  V.  The  stability  of  the  reduction  products  is  greater  the  lower  the  tungsten  content. 

SUMMARY 

1.  By  employing  the  potentiometric  titration  method,  using  potassium  hydroxide  solution  and  a  glass  elec¬ 
trode,  and  also  by  measuring  the  conductivity  and  pH  values  of  the  water  solutions,  it  was  shown  that  the  basicity 
of  heterotriacids,  containing  vanadium  in  the  nature  of  addenda,  is  equal  to  five  and  six. 

2.  The  melting  points  of  the  crystallohydrates  of  the  heterotriacids  were  determined,  and  it  was  shown 
that  they  depend  on  the  nature  of  the  heteropolyanions. 

3.  The  possibility  of  using  the  synthesized  heterotriacids  as  oxidizing  agents  and  as  precipitants  in  certain 
anal)rtical  reactions  was  shown. 
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STUDY  OF  THE  REACTIONS  OF  P  OL  YT  H  ION  AT  ES  WITH  THE  AID 

OF  LABELED  SULFUR 

III.  REACTION  OF  THE  HEXATHIONATE 

V.'A.  Lunenok- Burm akina 


In  the  studies  of  A.  I.  Brodsky  and  R.  K.  Eremenko  [1,2],  with  the  aid  of  the  radioactive  sulfur  isotope, 
the  mechanism  of  some  of  the  reactions  for  the  formation  and  decomposition  of  the  tri-,  tetra-  and  pentathionates 
was  elucidated.  In  this  study  the  reactions  for  the  formation  and  decomposition  of  the  hexathionate  were  studied 
in  the  sarrie  manner. 

Even  as  early  as  1888  Debus  [3]  indicated  the  existence  of  hexathionic  acid  in  Wackenroder’s  liquid,  but 
it  was  only  in  1927  that  Weitz  [4]  was  the  first  to  isolate  its  potassium  salt  by  pouring  a  solution  of  potassium 
thiosulfate  and  nitrite  into  cooled  hydrochloric  acid.  The  properties  of  the  obtained  salt  were  studied  by  Weitz. 

A  second  method  for  obtaining  the  hexathionate  from  sulfur  chloride  and  thiosulfate  was  developed  by  Goehring 
[5]. 

In  the  present  paper  we  studied  the  mechanism  of  the  reactions  for  the  formation  of  potassium  hexathionate 
by  both  methods,  and  also  the  reactions  for  its  decomposition  with  potassium  cyanide,  potassium  sulfite  and  am¬ 
monia.  The  method  for  the  decomptsition  of  the  hexathionate  with  potassium  cyanide,  separation  of  the  reac¬ 
tion  products  and  measurement  of  the  radioactivity  was  described  earlier  [1,2]. 

Preparation  of  Po tassium  Hex athionate  From  the  Thiosulfate,  Nitrite  and  Hydro¬ 
chloric  Acid  [4  ,  6] 

To  a  mixture  of  67  ml  of  hydrochloric  acid  and  33  ml  of  water,  cooled  to-40‘„was  added  a  solution  of 
30  g  of  labeled  potassium  thiosulfate*  and  4  g  of  potassium  nitrite  in  30  ml  of  water.  The  bulk  of  the  nitrogen 
oxides  separated  in  several  minutes;  their  final  removal  was  accomplished  by  blowing  nitrogen  through  the  solu¬ 
tion.  The  deposited  potassium  chloride  was  filtered,  and  the  filtrate  was  evaporated  in  vacuo  at  25-30^.  The 
obtained  product,  containing  the  hexathionate,  chloride  and  sulfate  of  potassium,  was  transferred  to  a  glass  filter, 
washed  with  a  small  amount  of  water,  then  with  alcohol,  and  air-dried.  For  final  purification  the  hexathionate 
was  recrystallized  from  2N  hydrochloric  acid,  washed  with  anhydrous  alcohol,  and  dried  on  filter  paper.  Quali¬ 
tative  tests  failed  to  show  the  presence  of  sulfite,  sulfate,  thiosulfate  and  trithionate  as  impurities  in  it. 

About  0.6  g  of  the  hexathionate  was  decomposed  with  potassium  cyanide  in  accord  with  the  stoichiometric 
equation  (2).  To  prevent  the  formed  thiosulfate  from  being  decomposed  by  excess  potassium  cyanide  to  the  thio¬ 
cyanate  and  sulfate  [7],  the  decomposition  was  mn  in  dilute  solutions. 

The  results  of  measuring  the  activity  of  the  starting  substances  and  of  the  hexathionate  decomposition  pro¬ 
ducts  ate  presented  in  Table  1. 

The  found  distribution  of  the  activity  corresponds  to  the  following  total  equation  for  the  formation  of  the 
hexathionate: 


4SS03  -h2N02  -t-6H^  =  82(5503)2  -t-2HS03  -h2N0-+-2H20 


•  Labeled  potassium  thiosulfate  was  obtained  by  the  method  of  [1]. 
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and  to  the  equation  for  its  decomposition: 


88(8803)2  -+-5CN--4-H20  =  S80;,  -4-3CN8  -+- 8O4  -4-2HCN, 

880.^  -+-  2A?+  -f-  H.O  AffzS  -+■  S0\  -4-  2H+. 


Reaction  of  the  thiosulfate  with  nitrous  acid  also  yields  the  tetrathionate  [4,  8].  In  a  previous  paper  [2] 
it  was  shown  tfiat  in  the  preparation  of  the  tetrathionate  from  the  thiosulfate  and  iodine  the  latter  serves  as  the 
oxidizing  agent,  causing  the  union  of  twoSSO|  groups  through  the  S-S  bond  between  the  sulfide  sulfur  atorru. 
It  must  be  surmised  tfiat  the  NOj”  ion  in  acid  solution  plays  the  same  role,  and  that  the  tetrathionate  is  also 
formed  in  reaction  (1),  which,  replacing  the  sulfite  ions  by  thiosulfate  ions,  Is  then  changed  in  sequence  into 
the  penta-  and  hexathionate: 


>1 


880,“ 


2880, 

880,“ 

I 

880; 

,880,“ 

\S80, 


-I-2NO,  -i-4H+=880,  -+- 2N0 -4- 2H2O, 
/880,“ 

-+-  880,  -4-  H+  =  8<  _  -f-  HSO,  , 

^880, 

q  qqn~ 

-4-  880,  -H  H+  =  I  ‘  -4-  H80,“. 

8  880,“ 


The  sum  of  equations  (3)- (5)  gives  (1).  The  presented  equations  correspond  to  the  one  found  in  earlier 
studies  [1,  2,  9]  for  the  mechanism  of  the  reactions  of  the  lower  polythlonates,  in  accord  with  which  these  re¬ 
actions  are  accomplished  by  the  method  of  exchanging  whole  sulfite  and  thiosulfate  groups;  here  during  the  time 
of  these  transformations  rhe  sulfide  and  sulfite  sulfur  atoms  retain  their  valence  state. 


TABLE  1 

Hexathionate  From  SSOj  ,  NO|~  and  HCl 


Expt, 

no. 

jSpecifIc  activity  of  the  sulfur  in  imp/mg  •  min 

1  Activity  ratios 

initial 
sulfur  A 

initial 

thiosulfate 

B 

U 

a 

X  .2 

ft)  r* 

l^decomp.  of 
the  hesa^onat 

decomp. 

.  of  the 
final  thio¬ 
sulfate 
A&S  F 

MB 

AlC 

A!D 

AlE 

MF 

thio¬ 
sul¬ 
fate  D 

thio¬ 
cya¬ 
nate  E 

1 

2 

1475 

1005 

720 

485 

620 

700 

445 

1450 

1015 

1500 

990 

2.05 

2.07 

1.62 

2.11 

2.26 

1.02 

0.99 

0.98 

1.02 

Remarks.  1.  In  all  of  the  experiments  the  sulfate  isolated  as  the  decomposition  result  of 
the  final  thiosulfate  was  inactive.  2.  The  average  values  of  measuring  the  activity  of  two 
to  tfiree  individual  samples  are  given  in  the  Table. 

Hexathionate  From  Sulfur  Chloride  and  the  Thiosulfate  [5] 

To  a  solution  o^  13.5  g  of  sulfur  chloride  in  50  ml  of  CCI4,  cooled  to— 15*,  were  simultaneously  added  a 
solution  of  50  g  of  sodium  thiosulfate  in  75  ml  of  water  and  a  mixture  of  40  ml  of  concentrated  hydrochloric 
acid  with  40  ml  of  water,  both  previously  cooled  to  0*.  The  reaction  mixture  was  shaken  until  it  became 
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colorless,  and  then  7.5  ml  of  O.GM  ferric  chloride  solution  was  added  to  it.  The  water  layer,  containing  the 
sodium  hexathionate,  was  separated  and  evaporated  in  vacuo  at  30’  to  a  volume  of  25  ml.  The  concentrate  was 
filtered  frorn  sodium  chloride  and  cooled  to  0".  To  it  was  added  In  drops,  also  cooled  to  (f ,  a  methanolic  solu¬ 
tion  of  KOH  until  the  reaction  was  weakly  acid.  The  deposited  hexathionate  was  filtered,  washed  and  recrystal¬ 
lized,  the  same  as  described  above. 

In  the  hexathionate,  prepared  by  the  described  method,  the  radioactive  label  was  introduced  in  two  different 
positions,  depending  on  whether  active  sulfur  chloride  or  active  sodium  thiosulfate  was  taken  for  the  synthesis. 

Both  of  the  hexathionate  samples  were  decomposed  with  potassium  cyanide.  The  results  of  measuring  the 
activity  are  presented  in  Table  2. 

As  can  be  seen  from  the  data  in  Table  2,  the  hexathionate  had  V3  the  activity  of  the  initial  sulfur.  In  the 
first  case  (Expts.  1-2)  it  was  all  concentrated  in  the  thiocyanate,  containing  V3  the  activity  of  the  initial  sulfur. 

In  the  second  case  the  sulfide  atom  of  the  thiosulfate  decomposition  has  the  activity  of  the  initial  sulfur,  and  the 
thiocyanate  only  %  of  it. 

The  obtained  distribution  of  the  activity  corresponds  to  the  following  mechanism  for  the  reaction.  Sulfur 
chloride,  as  the  chloride  of  the  unstable  thiosulfurous  acid,  gives  this  acid  on  hydrolysis,  the  hydroxyl  groups  of 
which  are  quickly  replaced  by  thiosulfate  radicals: 


S2CI2  ■+■  2H2O  =  S2(0H)2  -+-  2H+  -*■  2CI-. 
S2(0H)2-t-2SS07“=  S2(SS03)7“ -i-20H~. 


The  decomposition  of  the  hexathionate  proceeds  by  the  reaction 


82(5503)2  -I-5CN  -hH20  =  8503  -I-2CN5  -^-CN5  -1-504  -h2HCN. 


TABLE  2' 


Specific  activity  of  the  sulfur  in  impulses/mg » min) 


Expt. 

no. 


o 

Su 

xa 

.sa 


nate — 

t  ' 

O'. 

S' 


-g-- 


S: 


the  final 
thio¬ 
sulfate 
AgjS  F 


305 

305 

1670 


0 

0 

855 


100 

100 

550 


0 

0 

820 


205 

200 

560 


0 

0 

1605 


Activity  ratios 


MB 


AlC 


AID 


ME 


MF 


1.95 


3.05 

3.05 

3.04 


2.04 


1.43 

1.53 

2.98 


1.04 


*  See  the  remarks  to  Table  1. 

To  obtain  tlie  liexathionate  from  S2C12  and  SSO3  and  its  decomposition  with  cyanide  the  equations  are 
rewritten  as  follows: 
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S2CI2  -+-  2H2O  =  S2(0H)2  -+-  2H+  -4-  2C1- 
S2(0H)2  -^  2SS07'~  =  82(5503)^  20H~, 

82(8803)7“  5CN“  -H  H.O  =  SS07~  CN8“  -f-  2CNS  SO"  -h  2HCN . 


As  a  result,  this  reaction  is  also  accomplished  by  the  method  of  transposing  whole  thiosulfate  groups. 

The  obtained  results  also  show  that  the  radioactive  label,  introduced  Into  the  hexathionate,  then  remains 
unchanged,  i.e.  there  is  no  exchange  between  the  sulfide  atoms  of  the  sulfur  chain  in  the  poiythionate.  This 
permits  obtaining  the  higher  polythionates,  in  which  not  all  of  the  sulfide  sulfur  atoms  are  labeled,  and  only  a 
part  of  them,  which  can  serve  to  facilitate  an  elucidation  of  the  complex  reaction  mechanisms  of  the  higher  poly- 
diionates. 

Decomposition  of  the  Hexathionate  With  Ammonia  and  W U h_  Sulfite 

A  characteristic  reaction  of  the  hexathionate,  serving  for  its  qualitative  determination,  is  its  reaction  with 
ammonia:  here  the  hexathionate  is  immediately  decomposed  with  the  liberation  of  sulfur.  Statements  exist  that 
tfie  reaction  proceeds  with  die  formation  of  the  tetrathionate  and  sulfur  [4],  but  there  is  a  lack  of  information 
on  its  mechanism. 

Several  samples  of  the  hexathionate,  obtained  by  all  of  the  above- described  methods,  were  subjected  to 
decomposition  by  ammonia: 


.<k 

% 

5 


82(8803)5  (I);  82(8803)2  (II);  82(8803)2  (III) 


To  a  weighed  sample  of  the  hexathionate  (1-0.5  g),  dissolved  in  a  small  amount  of  water  was  added  5-2 
ml  of  ammonia,  and  the  deposited  sulfur  was  filtered,  thoroughly  washed  with  water,  and  recrystallized  from 
benzene. 

In  the  decomposition  of  hexathionate  (I)  the  radioactivity  of  the  deposited  sulfur  was  equal  to  the  initial 
activity.  The  activity  of  the  sulfur  from  the  decomposition  of  hexathionate  (II)  proved  to  be  somewhat  less 
(about  70<7o)  than  th?  activity  of  the  initial  sulfur.  The  other  decomposition  products  of  the  hexathionate  were 
also  isolated  by  us.  For  this  the  solution  of  the  ammonia-decomposed  hexathionate,  after  filtering  off  the  sulfur, 
was  evaporated  on  the  water  bath.  A  white  powder  was  obtained,  consisting  of  the  thiosulfate  and  the  tetrathionate. 
The  sulfide  sulfur  of  these  products,  depositing  as  Ag2S  when  silver  nitrate  was  added,  contained  about  30’/u  of  the 
activity  of  the  initial  sulfur. 

In  the  decomposition  of  hexathionate  (III)  the  radioactivity  of  the  deposited  sulfur  was  small,  whereas  con¬ 
siderable  activity  (somewhat  less  than  the  initial)  was  observed  in  the  Ag2S  from  the  decomposition  of  the  thio¬ 
sulfate  and  the  tetrathionate. 

The  activity  of  the  sulfur,  obtained  as  a  deposit  when  ammonia  is  added  to  a  solution  of  hexathionate  (III), 
becomes  greater  the  longer  the  contact  time  of  the  liberated  sulfur  with  the  decomposition  products.  Thus,  if 
the  sulfur  was  filtered  in  10  minutes  after  the  ammonia  addition,  then  its  activity  was  equal  to  lO^o  of  the  initial. 

In  this  experiment  the  activity  of  the  sulfur  in  the  sulfide  atom  of  the  decomposition  products  was  equal  to  90% 
of  the  radioactivity  of  the  initial  sulfur.  When  the  time  of  the  experiment  was  increased  to  20  hours  the  activity 
of  the  deposited  sulfur  increased  to  20% ,  and  the  activity  of  the  Ag2S  correspondingly  dropped  to  80%  of  the  ini¬ 
tial. 

The  obtained  data  can  be  explained  as  being  due  to  the  fact  that  two  central  sulfur  atoms  are  liberated  in 
the  decomposition  of  the  hexathionate  with  ammonia,  in  which  connection  this  process  is  accompanied  by  the 
exchange  of  the  liberated  sulfur  with  the  sulfide  sulfur  of  the  thiosulfate. 
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The  reaction  for  the  decomposition  of  the  hexathionate  with  sulfite  proceeds  in  accord  with  the  total 
equation 

K2S((Og  3K2SO3  =  K2S30(j  -I-  3K2S2O3. 


Proceeding  from  the  representations,  developed  in  previous  studies  [1,  2,  9]  and  supported  in  the  present 
investigation,  in  accord  with  which  the  reactions  of  polythionates  proceed  by  way  of  transfer  of  sulfite  and  thio¬ 
sulfate  groups,  the  following  mechanism  can  be  postulated  for  the  given  reaction: 

K2S‘(jO()  -h  K2SO3  =  K2S5O0  K2S2O3, 

K2S50((  -I-  K2SO3  =  K2S4O0  -4-  K2S2O3, 

K2S4O0  -f  K2SO3  =  K2S3O0  -4-  K2S2O3' 


If  the  reaction  is  run  with  hexathionate  (II),  then  with  such  a  sequence  the  activity  in  the  decomposition 

V.  _  •/„ 

products  would  be  distributed  in  the  following  manner:  O3SSSO3  and  SSO3  ,  where  the  initial  activity 

of  the  sulfur  is  taken  as  unity.  In  the  case  of  hexathionate  (III)  the  distribution  of  the  activity  should  be 
_  V<  _  ’/u _ 

O3SSSO3  and  SSO3  However,  since  the  thiosulfate  groups  of  polythionates  show  very  rapid  exchange 

with  thiosulfate  [9],  then  the  indicated  distribution  could  have  been  observed  only  in  the  case  where  the  reaction 
rate  was  substantially  higher  than  the  exchange  rate. 

Two  experiments  were  run  with  hexathionate  (II)  and  (III).  Equivalent  amounts  of  hexathionate  and  sulfite 
were  dissolved  in  water.  The  bulk  of  the  formed  thiosulfate  was  precipitated  with  barium  chloride,  while  the  re¬ 
mainder,  interfering  with  the  isolation  of  the  sulfide  sulfur  of  the  trithionate  as  CuS,  was  converted  by  iodine  in¬ 
to  the  tetrathionate.  Analysis  revealed  that  the  radioactivity  of  the  sulfide  atoms  of  the  trithionate  and  thiosulfate 
was  the  same  and  equal  to  one-half  the  activity  of  the  initial  sulfur.  The  found  distribution  of  the  activity  testi¬ 
fies  to  the  fact  that  complete  equalization  of  the  activities  of  all  of  the  sulfide  sulfur  atoms  occurs  during  the  de¬ 
composition  process  as  the  result  of  the  exchange  of  thiosulfate  groups. 

The  obtained  data  are  in  accord  with  the  representations  of  D.  I.  Mendeleev  relative  to  the  polythionates 

[10.  11]. 

In  conclusion  I  wish  to  thank  A.  I.  Brodsky  for  recommending  this  subject  and  for  his  assistance  in  the  ex¬ 
ecution  of  the  work. 

SUMMARY 

1.  With  the  aid  of  labeled  sulfur  we  studied  the  reactions  for  the  formation  of  hexathionate  from  thiosul¬ 
fate,  nitrite  and  hydrochloric  acid,  and  from  sulfur  chloride  and  thiosulfate,  and  also  the  reactions  for  the  de¬ 
composition  of  hexathionate  with  potassium  cyanide,  ammonia  and  potassium  sulfite.  Probable  mechanisms  for 
these  reactions  were  proposed. 

2.  The  absence  of  exchange  in  the  polysulfide  chain  of  the  sulfur  atoms  of  the  polythionate  was  established. 
This  permits  obtaining  the  high-er  polythionates,  in  which  not  all  of  the  sulfide  sulfur  atoms  are  labeled,  but  only 

a  part  of  them,  which  can  facilitate  an  elucidation  of  the  complex  reaction  mechanisms  of  the  higher  polythio¬ 
nates. 

3.  The  data  of  this  study  support  the  earlier  derived  conclusions  relative  to  the  mechanism  of  the  reactions 
for  the  formation  and  mutual  transformations  of  the  pol3n:hionates  via  the  exchange  of  sulfite  and  thiosulfate 
groups,  and  relative  to  the  structure  of  polythionates  from  unbranched  polysulfide  chains  with  SC^  groups  on  the 
ends.  This,  as  was  indicated  earlier,  is  in  accord  with  the  representations  of  D.  I.  Mendeleev. 
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APPUCATION  OF  CHROMATOGRAPHY  TO  A  STUDY  OF  THE  REACTIONS 
OF  DIMETH  YLGLYOXIME  WITH  METAL  CATIONS.  II. 


A.  M.  Gurvich 


Organic  reagents,  capable  of  forming  complexes  with  metal  cations,  were  first  used  as  sorbents  for  inorganic 
chromatography  by  Erlenmeyer  and  coworkers  [1],  who  used  o-hydroxyquinoline  for  this  purpose.  Later  other  or¬ 
ganic  reagents,  including  dimethylglyoxime  {H2Dm),  were  used  as  chromatographing  sorbents  by  a  number  of  in¬ 
vestigators  [2,  3]. 

T.  B.  Gapon  and  E.  N.  Gapon  formulated  the  principles  of  precipitation  chromatography  [4],  combining 
under  this  term  all  of  the  cases  of  chromatographic  separation,  based  on  a  difference  in  the  soiubility  products 
of  the  compounds,  formed  by  the  compr»’2nts  of  the  mixture  with  the  chemosorbent,  entering  into  the  composi¬ 
tion  of  the  column.  To  assure  a  sufficiently  rapid  and  uniform  filtration  of  the  solution  through  such  a  column 
the  chemosorbent  was  mixed  with  a  carrier,  inert  with  respect  to  bodi  the  reactants  and  the  reaction  products. 

In  the  previous  communication  [5]  we  discussed  the  results  of  using  a  column  of  active  carbon  for  this  pur¬ 
pose,  into  which  the  H2Dm  was  introduced  by  the  method  of  absorbing  it  from  its  saturated  water  solutions  on 
carbon,  and  also  the  results  of  using  a  column  composed  of  a  mixture  of  H2Dm  and  carbon,  placed  over  a  layer 
of  pure  carbon,  which  we  had  already  used  earlier  for  the  purification  of  zinc  and  cadmium  salts  from  traces  of 
NI,  Co,  Cu  and  Fe  [6],  and  for  the  separation  of  Ni  and  Co  [7].  In  the  given  case  the  sorbent  is  the  carrier,  ca¬ 
pable  of  adsorbing  the  soluble  compounds  formed  in  the  column  from  the  metals  and  H2Dm,  which  permits  sep¬ 
arating  the  metals  from  the  substances  that  fail  to  react  with  H2Dm,  and  also  from  each  other.  Evidently,  in 
precipitation  chromatography  the  adsorption  phenomena  always  accompany  the  separation  process  in  varying  de¬ 
gree;  however,  in  the  examined  case  they  are  not  a  secondary  phenomenon,  but  the  factor  that  determines  the 
possibility  of  separation. 

The  ability  of  metal  cations  to  be  separated  in  the  described  type  of  columns,  which  we  call  adsorption- 
complex  forming  (in  the  particular  case ,  carbon-dimethylglyoxime),  can  be  used  to  determine  the  relative  sta¬ 
bility  of  the  compounds  formed  in  the  column. 

Isolated  Incomplete  data  exist  in  the  literature  on  the  stability  of  the  complexes  of  H2Dm  with  divalent 
metals.  A.  K.  Babko  and  P.  B.  Mikljelson  found  [8]  that  the  solubility  product  of  Ni(HDm)j  is  2  •10"*®.  Accord¬ 
ing  to  the  data  of  A.  K.  Babko  and  L  .  I.  Dubovenko  [9],  the  dissociation  constant  of  Fe(HDm)i  is  2  •  lO"'®.  Any 
quantitative  data  on  the  stability  of  Cu(HDm)2  is  absent  in  the  literature.  Some  investigators  believe  [10]  this 
compound  to  be  less  stable  than  Ni(HDm)2.  A.  K.  Babko  and  M.  V.  Korotun  [11]  assign  a  value  of  (0.8- 1.5).*  10"^° 
to  tjie  dissociation  constant  of  the  complex  Cu(HDm)''',  the  formation  of  which  they  postulate  occurs  in  weakly 
acid  (pH  «4.5)  medium.  From  this  fact,  that  when  Ni*^'*'  is  added  to  a  mixtureof Co"*^  and  H2Dm,  in  which  the 
Co^  is  found  in  slight  excess,  a  precipitate  of  Ni(HDm)2  is  not  obtained,  Babko  and  Korotun  conclude  [12]  that 
Co(HDm)2,  the  formation  of  which  they  postulate  under  these  conditions,  is  more  stable  than  Ni(HDm)2.  For  the 
dissociation  constant  of  the  compound  [CofHDm)^  •2H2O],  which,  in  the  opinion  of  L.  S.  Nadezhina  [13],  is  formed 
in  alkaline  medium  in  the  presence  of  Na2SnOi,  the  author  gives  a  value  of  (3.67,  ±  0.5)*  10"^^. 

We  had  shown  [5]  that  in  a  carbon-dimethylglyoxime  column  the  cations  Cu'*"*',  Ni'*"*',  Co’*"*'  and  Fe'*"*'  form 
compounds  of  general  formula  MefHDm)^.  Evidently,  from  a  mixture  of  two  cations  the  first  to  react  with  H2Dm, 
forming  the  upper  zone  of  the  chromatogram,  will  be  the  cation  (MCj)  that  under  other  conditions  constant  gives 
a  compound  that  is  characterized  by  a  lower  value  for  the  dissociation  constant.  During  continuous  filtration  of 
the  solution  through  the  column  this  cation  will  displace  the  second  cation  (Mejj)  from  its  compound  with  H2Dm: 


351 


(1) 


+  Mej|(HDm)2  Me|(HDm)i  +  Mej/, 

In  view  of  the  fact  that  the  equilibrium  constant  of  tliis  reaction 

^dissociation  MejifHOm)* 

Ki=  - — —  > 

•^dissociation  Mej(HDm)fe 

In  view  of  the  fact  that  all  of  the  compounds  of  the  Me(HDm)i  type  are  held  very  tenaciously  on  a  carbon 
surface,  a  slight  difference  in  their  absorption  ability  does  not  influence  the  order  in  which  the  cations  pass  into 
die  filtrate.  Due  to  the  presence  of  a  layer  of  pure  carbon  of  definite  length  in  the  lower  part  of  the  column, 
neither  HjDm  nor  its  compound  pass  into  the  filtrate  even  when  large  volumes  of  solutions  are  passed,  exceeding 
by  a  hundred  times  the  volume  of  the  sorbent.  A  complicating  circumstance  is  the  dissimilar  adsorption  of  ca¬ 
tions  on  carbon;  however,  the  order  in  which  cations  pass  tluough  a  carbon  column  does  not  coincide  for  tlie 
most  part  with  the  order  of  their  passage  through  a  carbon -dimethylglyoxime  column.  With  the  aid  of  the  frontal 
analysis  method  this  makes  it  possible  to  compare  the  relative  stability  of  the  compounds  formed  in  the  column. 


EXPERIMENTAL 

It  was  shown  by  preliminary  experiments  that  the  amount  of  carbon  in  the  lower  layer  of  the  column  should 
be  not  less  than  half  its  amount  in  the  upper  layer.  The  column  that  we  used  consisted  of  1  g  of  carbon  in  the 
lower  layer  and  a  mixture  of  1.5  g  of  carbon  and  0.15  g  of  H2Dm  in  the  upper  layer.  The  column  diameter  was 
10-12  mm.  The  characteristics  of  the  carbon  had  been  described  by  us  earlier  [5,  6].  Its  preparation  for  experi¬ 
ment  did  not  differ  from  that  described  in  [6].  The  carbon  was  sifted  into  the  column  in  tlie  air-dried  state 
(moisture  ~  6%).  The  carboo-HjDm  mlsture  was  also  prepared  and  sifted  into  the  column  in  the  dry  state.  The 

assembled  column  was  fed  with  water. 

Sequence  of  sorption  (in  The  separation  of  paired  mixtures  of  equinor- 

dlmin.  order) _  mal  solutions  of  Ni'*”'',  Co'*"*',  Cu"^^  and  Fe’^'*’  salts 

Studied  pair  carbon-  ,  _  (chlorides  and  sulfates)  was  studied  by  us.  The  total 

of  cations  dimethvl-  carbon  r  u  •  •  ^  •  u  , 

uinicuiyi  column  concentration  of  the  cations  was  varied  in  the  limits 

_  - glyoxime  - _  _  of  0.02-0.06N.  The  pH  of  the  solutions,  containing 

Co++  &  Fe++  .  Co++  —  Fe++  Fe++  —  Co++  4. 1-4. 3;  for  the  other  solutions  it  ranged 

Nl++  &  Co++ .  NH+  —  Co++  Ni++,  Co^-+  in  the  limits  5-6.  No  foreign  substances  were  added 

Cu++ &  F\9++  '  Cu++  — Ni++  to  the  solutions.  As  had  already  been  mentioned,  to 

a  certain  degree  the  carbon  played  the  role  of  pH 
regulator,  adsorbing  (both  hydrolytically  and  molecu- 
larly)  the  acid,  and  in  the  experiments  with  Fe it 
also  played  the  role  of  reducing  agent.  No  less  than 
five  experiments  were  performed  for  each  pair  of  ca¬ 
tions.  In  addition,  the  separation  of  the  same  pair 

of  cations  on  a  carbon  column  was  studied,  composed  of  2.5  g  of  active  carbon,  which  was  prepared  in  the  same 
manner  as  the  carbon-dimethylglyoxime  column.  The  filtrate  was  collected  in  2  ml  portions  and  analyzed.  The 
experimental  results  are  presented  in  the  form  of  a  table,  in  which  tlie  cations  that  show  separation  are  separated 
from  each  other  by  a  hyphen,  and  those  tliat  do  not  show  separation  by  a  comma. 

Since  the  sorption  order  of  the  pair  Cu’*"*^  -Ni"*^"*^  coincided  in  both  columns,  some  additional  experiments 
were  run,  in  which  the  Cu’^'*’  concentration  was  more  than  8  times  the  Ni"*"^  concentration.  But  also  in  these  ex¬ 
periments  the  first  to  appear  in  the  filtrate  was  the  nickel.  In  addition,  the  introduction  of  H2Dm  into  the  carbon 
column  greatly  improved  the  separation  of  these  cations. 

The  use  of  carbon,  saturated  with  acid  [5],  as  the  adsorbent  does  not  give  any  advantages  in  the  given  case. 
On  the  contrary,  simultaneously  with  impairment  in  the  separation  of  cations  on  such  a  carbon,  due  to  the  loss 
of  its  capacity  for  hydrolytic  adsorption  (the  capacity  for  the  physical  adsorption  of  heavy  metal  salts  and  mineral 
acids  is  retained),  the  separation  conditioned  by  the  influence  of  H2Dm  is  also  impaired  for  the  same  reason:  the 
absorption  of  the  acid  liberated  in  the  reaction  of  the  cations  witli  H2Dm  is  decreased. 
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DISCUSSION  OF  RESULTS 


From  the  presented  data  It  can  be  seen  that  the  investigated  cations  can  be  arranged  In  the  following  se¬ 
quence  In  the  order  of  diminishing  stability  of  the  intracomplex  compounds  formed  by  them  In  a  carbon-dlmethyl- 
glyoxlme  column: 

Cu++  >  NI+'^  >  Co++  >  Fe++. 

This  conclusion,  made  by  us  on  the  basis  of  comparing  the  sorption  order  of  cations  on  carbon- dlmethyl- 
glyoxime  and  carbon  columns,  is  also  supported  by  other  observations. 

It  Is  evident  that  the  more  stable  the  Me(HDm)4  compound,  the  more,  with  other  conditions  constant,  the 
reaction  between  the  metal  cation  Me'*^'*'  and  HjDm  is  shifted  toward  the  formation  of  the  complex,  and  the  greater 

Me++  +  2H2Dm^  Me(HDm)i  +  2H'^  (3) 

is  the  stability  of  the  latter  to  the  Influence  of  acid. 

Consequently,  It  follows  that  the  more  to  the  left  that  a  cation  stands  in  series  (2),  the  mote  completely 
it  is  bound  in  a  carbon-dimethylglyoxime  column,  and  the  lower  the  value  of  the  lower  pH  limit,  where  under 
the  given  conditions  reaction  is  practicaliy  complete. 

Actually,  as  can  be  seen  from  the  data  of  [5],  the  cation  concentration  in  the  filtrate  after  running  the  re¬ 
action  in  the  column  under  similar  conditions  increases  from  Cu’*'^  to  Fe’*"''  in  the  same  sequence  as  in  (2),  where, 
as  postulated  by  us,  the  stability  of  the  corresponding  complex  compounds  decreases.  VVe  will  mention  that  the 
arrangement  order  of  the  examined  cations  is  the  same  in  the  series  on  the  degree  of  removing  ZnS04  and  CdS04 
solutions  from  them  on, a  carbon-dimethylglyoxime  column  in  the  presence  of  sodium  acetate  (pH  5.8-6.0)  [6]. 
From  the  slope  of  the  curves  (Figure)  for  increase  in  cation  concentration  in  the  filtrates  of  a  series  of  consecutive 
experiments  made  to  determine  the  structure  of  the  compounds  of  metals  with  HjDm,  run  for  each  cation  on  the 
same  column  by  the  method  described  in  [5],  the  cations  form  the  same  sequence  (2)  as  is  observed  in  determin¬ 
ing  the  order  of  their  passage  into  the  filtrate. 

Based  on  the  stability  of  the  intracornplex  compounds  formed  by  them  with  HjDm,  the  cation  series  found 
by  us  coincides  with  the  series  having  general  significance  for  the  complexes  of  these  metals  with  various  addenda 
[14,  15]  and  expressed  with  especial  distinctness  for  the  addenda,  forming  bonds  with  the  central  atom  through  a 
nitrogen  atom,  which  can  be  assumed  for  compounds  of  the  Me(HDm)2  type  [16]. 

Series  (2)  determines  the  lower  limit  of  the  dissociation  constants  of  CufHDm)^  and  the  upper  and  lower 
limits  of  the  dissociation  constants  of  Co(HDm)2,  since  the  values  of  the  solubility  product  of  Ni(HDm)i  and  of 
the  dissociation  constants  of  FefHDm)^  are  known  [8,  9]. 

In  passing  we  will  mention  that  the  order  observed  by  us  for  the  passage  of  cations  into  the  filtrate  when 
the  solutions  of  their  salts  are  passed  through  a  carbon  column,  and  specifically  (Table)  agrees  with  the  adsorp- 

Cu++  >  Fe++  >  Ni++  =  Co'*"*’  (4) 

tioH  order  of  these  cations  on  carbon,  found  by  N.  A.  Shilov  and  L.  K.  Lepin  [17]  from  experiments  run  under 
static  conditions. 

The  chromatographic  method  described  by  us  for  determining  the  relative  stability  of  complex  compounds, 
besides  the  dimethylglyoximines,  can  also  be  applied  to  compounds  of  metals  witli  other  organic  reagentshaving 
a  low  solubility  in  water. 

Thus,  on  columns  composed  of  a  mixture  of  carbon  and  a-  nitroso-d-naphthol,  which,  as  is  known,  is  cap¬ 
able  of  reacting  with  the  same  cations,  the  dimethylglyoximines  which  had  been  studied  by  us  [18,  19],  form¬ 
ing  with  them,  depending  on  the  conditions,  either  insoluble  or  soluble  compounds,  we  obtained  the  following 
order: 


Cu'*"*  >  Ni"*"*  >  Fe'*"*', 


(5) 
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In  which  tile  stability  of  die  corresponding  o-nltroso-tJ-naphtholates  decreases  from  left  to  right. 

Finally,  It  should  be  borne  in  mind  that  In  such  adsorption-complex  forming  chromatographic  columns 
the  reaction  can  proceed  somewhat  differently  than  in  solution,  due  to  the  stabilization  of  the  primary  metastable 
reaction  products  in  their  adsorption  by  carbon  or  as  the  result  of  a  shift  in  the  equilibrium  toward  the  side  of 
forming  the  least  polar  complexes  [5]. 

The  discussed  method  gives  a  separation  pic¬ 
ture  that  is  the  opposite  of  the  one  observed  in  ion- 
exchange  chromatography  with  complex- forming 
elution  [20]:  if  in  the  washing  of  ion-exchange 
columns  with  solutions  of  organic  reagents,  capable 
of  forming  complex  compounds  with  the  metals 
being  separated,  the  first  cation  to  pass  into  the 
filtrate  is  the  one  that  forms  the  most  stable  com¬ 
pound,  then  in  the  chromatographing  on  adsorption- 
complex  forming  columns  of  the  discussed  type  it 
is  the  cation  forming  the  least  stable  compound 
that  is  the  first  to  pass  into  the  filtrate.  A  condi¬ 
tion  for  the  use  of  complex- formation  elution  is  a 
more  or  less  substantial  solubility  of  the  proper  re¬ 
agent:  on  the  contrary,  a  condition  for  the  use  of 
adsorption- complex  forming  columns  is  a  low  solu¬ 
bility  of  the  reagent;  here  in  the  last  case  the  re¬ 
agent,  readily  adsorbed  on  the  carrier,  remains  in 
die  column  and  does  not  contaminate  the  solutions 
of  the  cations  being  separated.  We  have  already 
made  use  of  this  circumstance  in  the  purification 
of  cobalt  salts  from  nickel  impurities  [7].  Complex- 
formation  elution  is  a  secondary  operation,  follow¬ 
ing  after  the  primary  chromatogram  had  been  ob¬ 
tained;  the  method  of  adsorption-complex  forming 
chromatographic  separation  is  accomplished  as  the  result  of  using  only  one  operation-  filtration  of  the  solution  of 
die  substances  being  separated  through  a  column.  This  makes  it  possible  to  use  the  examined  method  in  the  solu¬ 
tion  of  a  number  of  problems  on  an  industrial  scale. 

To  study  the  reactions  of  cations  with  H2Dm,  in  addition  to  the  carbon-dimediylglyoxime  columns,  those 
composed  of  a  mixture  of  aluminum  oxide  and  HjDm  can  be  used,  which  prior  to  chromatographing  should  be 
Impregnated  with  water  [7].  Since  under  these  conditions  die  compounds  of  metals  with  H2Dm,  formed  in  the 
column,  are  adsorbed  (although  weakly)  by  aluminum  oxide,  then  up  to  a  certain  degree  die  phenomena  observed 
in  such  columns  are  comparable  with  the  phenomena  occurring  in  carbon-dimediylglyoxime  columns.  Thus,  a 
nickel  displaces  cobalt  from  its  compound  with  H2Dm  [7],  although  in  solution  this  is  not  observed  [12].  But  in 
these  columns,  in  contrast  to  the  columns  with  carbon,  die  separation  of  cations  is  determined  not  only  by  the 
stability  of  the  complex  compounds,  but  also  by  their  ability  to  be  adsorbed  on  Al2Cl^.  This  leads  to  transpositions 
in  the  adsorption  series.  Thus,  the  brown  zone  of  iron dimediylglyoximine  (II) shows  up  between  the  nickel  and 
cobalt  zones.  In  addition,  in  view  of  the  already  mentioned  influence  of  adsorption  on  the  course  of  complex 
formation  with  participation  of  H2Dm  the  reaction  in  the  column  widi  aluminum  oxide,  being  a  heteropolar  ad¬ 
sorbent,  can  proceed  somewhat  differently  than  in  a  carbon-dimediylglyoxime  column,  where  the  carrier  repre¬ 
sents  a  homeopolar  adsorbent. 

Aluminum  oxide  is  a  regulator  of  die  pH,  adsorbing  the  acid  that  is  liberated  during  the  reaction  process. 

But  this  does  not  exhaust  its  influence  as  a  chemically  active  agent:  it  can  also  cause  some  secondary  reactions 
to  appear.  The  process,  taking  place  in  the  column,  depends  on  the  previous  treatment  of  the  A1203.  The  shape 
of  the  chromatograms  on  an  acid  aluminum  oxide  and  their  change  with  time  differ  from  those  obtained  on  an 
alkaline  aluminum  oxide.  This  refers,  for  example,  to  the  chromatograms  of  Co++  and  Fe'*"*'.  The  fact  that 
H2Dm  does  not  show  substantial  adsorption  on  Al20^  from  water  solutions  (for  which  reason  die  lower  layer  of 
pure  carrier  is  superfluous  in  such  columns)  also  plays  a  role.  When  solutions  are  poured  into  the  column  the 


Curves  for  die  increase  in  cation  concentration  in 
the  filtrates  of  a  series  of  consecutive  experiments 
on  the  determination  of  the  structure  of  compounds 
of  metals  with  dimethylglyoxime. 

(The  carbon  was  treated  with  acid  in  accord  widi 
the  data  of  [5],  and  the  dimethylglyoxime  was 
adsorbed  on  carbon). 


354 


H|Dm  salts  partially  dissolve  in  them,  and  the  compound,  formed  in  the  solution,  where  reaction  can  proceed 
differently  than  in  the  column  [5],  is  adsorbed  on  the  AI2O3.  This  leads  to  the  situation  that  the  upper  portion 
of  the  chromatogram  can  have  a  different  appearance  from  the  remainder  of  the  chromatogram,  which  is  ob¬ 
served  in  the  case  of  Cu'^'*’,  and  also  of  Co"*"*',  in  which  connection  this  phenomenon  is  augmented  due  to  strati¬ 
fication  of  the  AljOs  and  H2Dm  in  the  upper  portion  of  the  column  during  packing;  consequently  it  is  expedient 
to  remove  the  upper  layer  of  the  column  after  wetting. 

The  complex  appearance  of  the  chromatograms  is  explained  in  some  cases  by  the  comparatively  low  solu¬ 
bility  of  the  compounds  formed  in  the  column.  Thus  CufHDmlg,  the  solubility  of  which  in  water  at  22*  is  deter¬ 
mined  as  being  6  *  10'®  gram-mole/  liter  (O.17«7o)  [11],  gives  in  such  a  column  a  series  of  thickly  situated  dark- 
gray  spots  on  a  brownish-gray  zone  as  the  ground,  descending  below  the  zone  boundary  of  the  spots. 

Frequently  the  appearance  of  the  chromatograms  of  two  cations  cannot  be  explained  by  a  simple  super¬ 
imposition  of  the  zones  of  the  complex  cpmpounds,  formed  in  the  column  by  each  cation  separately.  This  was 
also  mentioned  by  F.  M.  Shemyakin  and  E.  S.  Mitselovsky  [21]  in  their  chromatographing  on  o-hydroxyquinoline. 

With  all  of  the  complexity  of  the  reactions  and  process  of  separation  in  a  column  composed  of  a  mixture 
of  AI2OS  and  H2Dm,  still  such  a  column  can  be  useful  in  view  of  the  fact  that  the  chromatogram  on  it  is  observed 
visually.  The  analytical  use  of  such  a  column  had  been  discussed  by  us  earlier  [7], 

A  series  of  data  can  be  obtained  in  the  adsorption  of  compounds  of  cations  with  H2Dm,  obtained  in  solution, 
on  a  column  of  aluminum  oxide  impregnated  with  water.  Thus  the  brown  solution,  formed  in  the  treatment  of 
Ni(HDm)j  precipitate  with  CUSO4  solution,  gives  a  green  and  a  sky-blue  zone  on  the  AlgOs  column.  The  green 
zone  evidently  belongs  to  the  complex  to  which  Babko  and  Korotun  [11]  assign  the  formula  Cu(HDm)'^:  the  sky- 
blue  zone  was  formed  by  the  unreacted  copper.  A  green  zone  is  formed  in  the  chromatographing  of  the  solution, 
obtained  by  die  reaction  of  CUSO4  with  solid  H2Dm  in  weakly  acid  medium ,  after  separating  the  solution  from 
the  precipitate  and  adding  sodium  acetate  to  it.  A  solution  of  the  black  compound  Cu(HDm)j,  isolated  by 
Chugaev  [22],  gives  a  brownish-gray  zone  on  aluminum  oxide.  As  a  result,  the  chromatographic  experiments 
on  AI2O3  support  the  possibility  of  forming  two  compounds  of  Cu"*”^  with  H2Dm  in  weakly  acid  and  neutral  med¬ 
ium,  depending  on  the  concentration  conditions  and  the  pH. 

SUMMARY 

1.  A  method  was  developed  for  detennining  the  relative  stability  of  single- type  complex  compounds  of 
metals  with  an  organic  reagent  showing  good  adsorption  on  carbon,  consisting  in  the  determination  of  the  order 
in  which  the  metals  pass  into  the  filtrate  during  the  frontal  chromatographic  analysis  of  aqueous  solutions  of  their 
salts  on  columns  composed  of  a  mixture  of  carbon  and  the  organic  reagent,  situated  above  a  layer  of  pure  carbon. 

2.  It  was  established  that  the  metals  can  be  arranged  in  the  following  sequence  in  the  order  of  diminishing 
stability  of  their  intracomplex  compounds  with  dimethylglyoxime  of  general  formula  Me(HDm)2: 

Cu"^"^  >  Ni+‘*'  >  Co'*"*’  >  Fe'*'^. 
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VISCOSITY  OF  BINARY  SYSTEMS  WITH  CHLORAL.  V. 


V.  V.  Udovenko  and  R.  I.  Kho me n k o 


To  clarify  the  character  of  the  reaction  of  chloral  with  esters  and  ethers,  we  studied  tlie  viscosity  of  the 
following  systems;  chloral  —  ethyl  formate,  chloral  —  ethyl  acetate,  chloral  —  ethyl  ether,  chloral  —  anisole  and 
chloral  —  acetoacetic  ester.  The  viscosity  is  constant  in  the  first  four  systems  while  with  chloral—  acetoacetic 
ester  it  changes  with  time;  due  to  this, mixtures  in  the  latter  system  were  sealed  in  ampules  and  heated  on  a 
water  bath  for  three  weeks  before  measuring  the  viscosity.  In  the  other  cases,  the  viscosity  was  measured  immed¬ 
iately  after  the  mixtures  were  prepared.  The  materials  required  for  the  work  were  purified  by  preliminary  drying 
and  then  careful  distillation.  The  mixtures  were  prepared  from  fractions  having  the  following  boiling  points; 
ethyl  formate  51. ST  at  718  mm,  ethyl  acetate  75.0“  at  725  mm,  ethyl  ether  33.2“  at  735  mm,  anisole  152.0"  at 
729  mm  and  acetoacetic  ester  67.0"  at  10.5  mm. 


TABLE  1 

The  System  Chloral- Ethyl  Formate 


Chloral 
content 
(mole  ’’Ir) 

Viscosity 

Density 

25'’ 

.15“ 

.SO’ 

25° 

35° 

50° 

0.00 

0.4090 

0.3633 

0.3192 

0.9175 

0.9060 

0.8889 

9.^'3 

0.5272 

0.4687 

0.4034 

0.9971 

0.9823 

0.9629 

26.28 

0.6835 

0.6087 

0.5164 

1.1235 

1.1108 

1.0902 

.34.80 

0.7353 

0.6482 

0.5508 

1.1757 

1.1603 

1.1404 

50.15 

0.8523 

0.7462 

0.6260 

1.2686 

1.2553 

1.2330 

64.07 

0.9207 

0.8000 

0.6710 

1.3457 

1.3236 

1.3059 

74.34 

0.9827 

0.8530 

0.7260 

1.4013 

1.3708 

1.3477 

87.27 

1.0304 

0.9164 

0.7589 

1.4533 

1.4368 

1.4128 

100.00 

1.0552 

0.9017 

0.7641 

1.5013 

1,4859 

1.4603 

In  the  system  chloral  —  ethyl  formate  the  viscosity  was  measured  at  temperatures  of  25,  35  and  50".  The 
results  of  viscosity  and  density  measurements  are  given  in  Table  1.  The  viscosity  isotherms  are  concave  towards 
the  composition  axis. 

In  the  system  chloral  —  ethyl  acetate  the  viscosity  was  measured  at  temperatures  of  25,  50  and  75*.  The 
results  of  viscosity  and  density  measurements  ate  given  in  Table  2.  The  viscosity  isotherms  have  an  S  shape. 

In  the  system,  chloral—  ethyl  ether  the  viscosity  was  measured  at  25  and  35".  The  results  of  viscosity  and 
density  measurements  are  given  in  Table  3.  The  viscosity  isotherms  are  straight  lines. 

In  the  system  chloral  —  anisole  the  viscosity  was  measured  at  temperatures  of  25,  50  and  75*.  The  results 
of  viscosity  and  density  measurements  are  given  in  Table  4,  The  viscosity  isotherm  at  25*  passes  through  a  slight 
maximum  which  is  situated  close  to  83  mole  °Jo  of  chloral.  At  temperatures  of  50  and  75",  the  maximum  dis¬ 
appears  and  in  this  range  of  concentrations  the  viscosity  isotherms  become  concave  towards  the  composition 


TABLE  2 


The  Sj'stem  Chloral"' Ethyl  Acetate 


Chloral 
content 
(mole  <^) 

Viscosity 

Density 

25" 

.50" 

75° 

25° 

50’ 

75° 

0.00 

— 

0.4377 

0.3435 

0.2825 

0.8976 

0.8668 

0.8448 

9.53 

0.4807 

0.3778 

0.3077 

0.9555 

0.9244 

0.8953 

20.23 

0.5348 

0.4206 

0.3395 

1.0230 

0.9915 

0.9620 

29.01 

0.59()0 

0.4576 

0.3671 

1.0754 

1.0445 

1.0135 

39.47 

0.6491 

0.4963 

0.3978 

1.1394 

1.1055 

1.0706 

49.10 

0.7355 

0.5518 

0.4370 

1.1998 

1.1650 

1.1292 

59.82 

0.8139 

0.6033 

0.4618 

1.2700 

1.2333 

1.2019 

69.72 

0.9183 

0  6703 

0.5280 

1.3301 

1.2927 

1.2540 

81.13 

1.0005 

0.7285 

0.5602 

1.3990 

1.3601 

1.3202 

89.92 

1.0347 

0.7720 

0.5899 

1.4491 

1.4089 

1.3707 

100.00 

1.0552 

0.7641 

0.5895 

1.5013 

1.4603 

1.4186 

TABLE  3 


The  System  Chloral -Ethyl  Ether 


Chloral  I 

Viscosity 

Density 

content  1 

(mole  ®*-)  1 

25’ 

35° 

25° 

35° 

0.00 

02357 

0.2203 

0.7049 

0.6942 

9.72 

0.3229 

0.2957 

0.8619 

0.8489 

19.81 

0.4119 

0.3734 

0.9856 

0.9725 

29.94 

0.4946 

0.4545 

1.0941 

1.07% 

39.92 

0.5710 

0.5131 

1.1746 

1.1590 

50.26 

0.6528 

0.5857 

1.2514 

1.2365 

59.97 

0.7314 

0.6440 

1.3161 

1.3000 

70.25 

0.8111 

0.7286 

1.3752 

2.3603 

80.06 

0.8889 

0.7893 

1.4214 

1.4047 

89.91 

0.9692 

0.8449 

1.4666 

1.4439 

100.00 

1.0552 

0.9017 

1.5013 

1.4859 

TABLE  4 

The  System  Chloral— Anisole 


Chloral 

Viscosity 

Density 

content 
(mole  '^) 

25’ 

50° 

75- 

25° 

,50° 

75° 

0.00 

1.0121 

0.7135 

0.5443 

0.9907 

0.%83 

0.9452 

1022 

1.0104 

0.7191 

0.5483 

1.0375 

1.0143 

0.9894 

19.96 

1.0135 

0.7212 

0.5517 

1.0875 

1.0612 

1.036T 

28.94 

1.0172 

0.7224 

0.5533 

1.1291 

1.1003 

1.0734 

39.98 

1.0192 

0.7294 

0.5538 

1.1819 

1.1549 

1.1250 

49.87 

1.0267 

0.7359 

0.5668 

1.2374 

1.2004 

1.1698 

59.29 

1.0343 

0.7442 

0.5726 

1.2800 

1.2487 

1.2167 

70.18 

1.0479 

0.7579 

0.5800 

1.3431 

1-3091 

1.2745 

8010 

1.0679 

0.7629 

0.5822 

1.4021 

1.3614 

1.3243 

89.58 

1.0633 

0.7624 

0.5828 

1.4494 

1.4072 

1.3690 

100.00 

1.0552 

0.7641 

0.5885 

1.5013 

1.4603 

1.4186 

In  the  system  chloral  —  acetoacetic  ester  the  viscosity  was  measured  at  temperatures  of  25,  50  and  76*.  The 
results  of  the  viscosity  measurements  are  shown  graphically  in  the  figure  and  it  may  be  seen  from  it  that  the 
viscosity  iso.therms  go  through  a  sharply  expressed  maximum  at  54  mole  <7o  chloral,  which  is  slightly  displaced 
by  an  increase  in  temperature  towards  acetoacetic  ester.  The  density  isotherms  have  an  S  shape. 

It  is  known  that  in  the  presence  of  pyridine,  acetoacetic  ester  reacts  with  chloral  [1,  2]  and  the  compound 
formed  is  decomposed  into  chloral  and  acetoacetic  ester  by  distillation  in  vacuum.  Optical  investigations  of 

acetoacetic  ester  solutions  in  pyridine  showed  that  similarly  to  alcohols  ace¬ 
toacetic  ester  reacted  with  pyridine  at  the  hydroxyl  group  [3](enol  form). 

The  reaction  of  chloral  with  acetoacetic  ester  also  takes  place  at  this  hydroxyl 
group. 

The  data  obtained  on  the  viscosity  of  systems  of  chloral  with  esters  and 
ethers  seem  to  indicate  that  a  reaction  of  the  components  takes  place  in  all 
cases,  although  a  ^arply  expressed  reaction  is  observed  only  in  the  system 
chloral  —  acetoacetic  ester. 

In  previous  reports  devoted  to  the  study  of  the  reaction  of  chloral  with 
various  organic  materials,  we  showed  that  chloral  formed  chemical  compounds 
by  direct  reaction  only  with  those  materials  whose  molecules  contained  a 
hydroxyl  group.  No  such  reaction  can  occur  in  the  system  chloral—  ethyl 
acetate.  The  viscosity  isotherms  of  this  system  have,  however,  an  S  shape. 

It  is  generally  considered  that  such  a  form  of  viscosity  isotherms  appears  in 
CCljCHO  CHjCOCHjCiXXDiHe  systems  with  chemical  reaction  of  the  components  when  the  value  of  the  vis¬ 
cosity  of  the  compound  formed  lies  between  the  values  of  the  viscosity  of  the 
pure  components  [4].  Therefore,  the  question  arises  as  to  whether  the  S  form  of  the  viscosity  isotherms  appears 
only  in  systems  with  chemical  reaction  of  components  resulting  in  the  formation  of  a  definite  compound  or 
whether  this  condition  is  not  obligatory.  It  seems  to  us  that  in  the  light  of  new  experimental  data  it  is  necessary 
to  examine  the  possibility  of  a  wider  interpretation  of  viscosity  isotherms  with  an  S  form.  However,  this  problem 
can  be  solved  only  when  the  nature  of  the  bond  and  the  character  of  the  reaction  of  the  components  is  clarified 
in  the  system  chloral—  ethyl  acetate  as  well  as  in  other  systems  of  chloral  with  organic  materials. 

SUMMARY 

1.  The  viscosity  and  density  werestudied for  the  systems  chloral—  ethyl  formate  at  temperatures  of  25,  35 
and  50”,  chloral  —  ethyl  ether  at  25  and  35®  and  the  systems  chloral—  ethyl  acetate,  chloral—  anisole  and  chloral 
—  acetoacetic  ester  at  25,  50  and  75®. 

2.  Reaction  of  the  components  was  established  in  all  the  systems  studied;  however,  the  reaction  in  the 
system  chloral"  acetoacetic  ester  was  the  only  strongly  expressed  one  and  it  was  due  to  the  presence  of  a 
hydroxyl  group  in  the  molecule  of  the  latter. 

LITERATURE  CITED 

[1]  H.  Gault  and  G.  Mennicken,  C.  r.,  229,  1239(1949). 

[2]  D.  R.  Kulkarni  and  N.  M.  Shah,  C  .  A.,  36,  3795(194^. 

[3]  D.  N.  Shigorin,  J.  Phys.  Chem.  24,  932(1950). 

[4]  M.  I.  Usanovich,  J.  Gen.  Chem.  996(1935);  M.  I.  Usanovich,  The  Viscosity  of  Liquids  and  Colloidal 
Solutions  ^A cad.  Sci.  USSR  Press,  Moscow- Leningrad,  1944 , 85. 

Received  January  25,  1956.  Kiev  Polytechnical  Institute. 


♦  In  Russian. 


•f!T  *)«•  H  rytHfef^iJ&.'>«  ••iiM»icio'j>;?'S»fvi  'Utis 

9f\i  j*H.'  if  .#K.^  atf  fim  «  Hi*  v*i^  1t***o^*i*^  a^wi»  #»*  sthmn 

05  5®m<«os(f 

'  ;  ■  fjt  4a  Afi:  -.-atwa.  n»»yi  ! 

Iwwaoi^aKo  , tl‘ti5i&Ci^T  'fitM  ,«fcMi  iofes^liS^iSofS^^i  /;•  nl  . ''  .i<if.:r  I  ;»  i; 

.  "'  -  ^  ,inui'-»e>  fit  j»Ofatfn«at'Y0  WMV;  ?h'jbMi»-^-ft>"tJflA  {aWtltv  .>'■:•  - 1  i  .  t-«ir»loi 

-*74  ifiT»ii«*l»  isttf*  fc«rw*Xtf'  »oib» rvo.  <U 


^  Qiii  U  r  •?*  f  ?iM^  ' -’  ■  ,  , 

.  ^iS>.  '■>! 

boa  rtstv  ♦•tftiu'v  f'O  iJt' »*i?l  no  3PPt  * 

' '  lis  W  «c3f4iq  I'f  >•  eK.'.JvJ  at  ^ 

■’  fl»t3  (it  ^  r.  '^1  ,'*•'-'>  . ^  j' 

r%:.i  :.|j4  ■  -  t 

rtitw  UTsrf-1^  I 

{ •.3t'j!a*rty  uofStv.!  ;*';i;ij‘ i  :A.i!*  &*tv  •;•  .  ,|t:ii|^^  .'  ■?  •- j(  .  #i‘i  (  <*•-■  J 

A  *4&tai>lrir:  M,<sit»u:m  •  ,1  '-  j.-,*  ^ 

wi  .«»r:  >.' .^  •  (.•  ■-  Iw-yUiyr"  ^ 

4  fti’ ,msw’vsii  .litjn’ssu’iy  rt, -t  lo  v'f  •  *;  i?t.M.ic  .  • 

nl  MTrwijtiai  '•;  -J, 4  •i'fi;z  \i^^J  '.>  it'jQiliiin  •,  ■-  <  '(rr'T|  ti  iJ 

ad.-  *0  ♦»?*'“■'  'Mi'o:  i  .f.r.y,;-^  i-:;^  i<7i*i.xyf  •i.-^  'i. 

odi  ii*  •  ?*!• ’ii  .'*  "f.''  "  ‘I'vi  i-y 

ty  ivvtmHioi  ■?('(  u*  j:-'  c  ••  .  •'.'-  •»  *■'•  ’* 

xnofo'otij  \t<nc-i  ->  «  .tiirv  i  i.  •  ?ifcfn/jv:«(c.i  iw  n  >?.• ' 

tljfl!ulf>  li  ‘KiJtfC  ’Mj  •••  ‘  ■  C>.?  W' 

u  ,»lMJ9?»‘ri  '»}'-,:.!S>J  il!>-»  fCTf! ‘4  t>  .  ..  •  «  ..-•  •'  trt'fl 


\  >  #  ^ 
44  i' 


'  Olliq 

..5*  vx:":»(*.v‘  :'!w  venV-^r  St  yl-.o 

^r^r,  ;•.,  '‘'  ••  .'Hi*«.ri  S(i» 
iw  «  It.-  VI  ,  •  !m1  V:^:.;:  «?va  <ri 

W'  o'-.ji'  i^..ir-  i  'v;-'ri  rtfit? 

*•  tc:  t'fl’sa  ;ej!'.4!'i"'  •a'il  III 


0®  .3®  t*J  rs  (vi'J  •  fi'  /■  » 

ltorfri!>  frfie  ^1*  Uiit.  -i*(  • 


.'  Fi  AMbf  W 


1 1  •  7I  tfiltv';/.  V  -1  “w  y.’ 


twi*  ^1-  • . 


-■  ■•  >■  •  ■■  :  I--iii* 

ffi  jni . 


tftbi  'tfflO  fcnii  *v.. 


t. 


.k  Kf,  ia'K.K-’'T  iyitr:  -lai'.Mj  jft# 


tjrti  til  ;!  aU.ua  c-  ks  ;;  v  ’  fla  u 

»  Jo  aoaaeOTt^  r-  }  'sj/c  -  •  ■'  !•.■•,•-.  yi-^.i-  p 


,  O"  Afi^  I  IJ 

.'Lt-’^jlv;'  :  ..2'J  . 


“  V'tJ 


'  'fwckto  aS*?>*y* 
.  (^fUr4'7ll 


» '•  ;.t  .  a.  .X  0? 

.K  «•  *  loriLjjj  ti;  i 


>  ,*>."'■)  '.  i- 

I  kii'  ■  -ts.;';  ,1 


I  ,  >1.0  c-'i 

1  !>] 


S-vit<}Ml  rsitii 

''■.  !  '■'  '’•'4  ’’■‘tJ  '  * 


■%  •{•*xl-'><n  U'*vt'»  ‘■!*A 


INVESTIGATIONS  IN  THE  FIELD  OF  A  LK  OXY  S IL  A  NES 


VI.  SYNTHESIS  OF  TETRAAROXYSILANES  BY  TRANSESTERIFICATION 
OF  ETIT5fL  SILICATE  WITH  PHENOLS* 

M.  G.  Voronkov  and  G.  B.  Karpenko 


The  transesterification  of  ethyl  silicate  with  aliphatic  alcohols,  proceeding  according  to  the  scheme: 

Hf 

Si(OCzH5)4  +  4ROH  SiOR)4  +  4C2H6OH, 

has  been  studied  quite  thoroughly  and  is  the  most  convenient  method  for  synthesizing  the  higher  tetraalkoxysl- 
lanes  [6—12],  However,  up  to  now  hardly  anyone  has  tried  to  apply  this  reaction  to  the  synthesis  of  tetraaroxy- 
silanesf  which,  in  contrast  to  tetraalkoxysilanes,  are  hardly  mentioned  in  the  literature).  Only  Malatesta  in  one 
of  his  papers  [9]  mentions  the  possibility  of  the  transesterification  of  Si(OC2H5)4  with  phenol  in  the  presence  of 
aluminum  or  sodium  ethylate.  Up  to  now,  the  aromatic  esters  of  orthosilicic  acid  (mainly  tetraphenoxysllane) 
were  obtained  by  reacting  phenols  with  silicon  chloride  [13—15]  ,  silicon  sulfides  [16,  17]  or  with  an  alloy  of 
silicon  and  copper  [18]. 

Hertkorn  [13]  showed  that  ethyl  silicate  is  formed  by  heating  tetraaroxysilanes  with  ethyl  alcohol. 

On  this  basis,  it  was  concluded  [19]  that  the  alkoxy  groups  were  bonded  more  firmly  to  the  silicon  atom 
than  the  aroxy.  Therefore,  it  seemed  likely  that  the  reverse  reaction  of  transesterification  of  ethyl  silicate  with 
phenols  would  be  difficult  to  carry  out. 

It  turned  out  that,  contrary  to  this  supposition,  in  the  presence  of  the  appropriate  sodium  phenate,  ethyl 
silicate  reacts  smoothly  with  phenols  of  very  different  structures  according  to  the  above  scheme.  This  reaction 
is  a  very  simple  and  convenient  method  for  synthesizing  tetraaroxysilanes,  and  their  yield  is  70-85  ^o. 

It  should  be  noted  that  phenols,  especially  those  containingsubstituents  which  increase  their  acidity,  react 
with  ethyl  silicate  noticeably  faster  than  with  silicon  chloride.  Thus,  for  example,  in  contrast  to  the  reaction 
between  Si(OC2H5)4  and  p-chlorophenol,  which  proceeds  readily,  the  reaction  of  the  latter  with  SiCl4  either 
does  not  occur  [19]  or  proceeds  extremely  slowly  [15]. 

It  is  interesting  that  ethyl  salicylate  does  not  undergo  transesterification  with  ethyl  silicate  in  the  presence 
ofeither  an  alkali  or  acid  catalyst.  On  the  contrary,  almost  the  whole  theoretical  amount  of  ethyl  alcohol  was 
distilled  off  in  the  reaction  of  ethyl  silicate  with  p- nitrophenol  in  the  presence  of  the  sodium  derivative  of  the 
latter.  However,  the  reaction  product  was  a  hard,  black,  insoluble  and  nonvolatile  polymer. 

The  aromatic  esters  of  orthosilicic  acid  synthesized  by  us  by  the  transesterification  of  ethyl  silicate  with 
phenols  are  summarized  in  the  table.  We  obtained  tetracyclohexoxy- ,  tetracyclopentoxy-  and  tetrabelizoxy- 
silane  by  an  analogous  method. 

Tetraaroxysilanes  are  colorless,  readily  hydrolized  crystalline  ma'terials  of  viscous  liquids,  which  dissolve 
readily  in  the  usual  organic  solvents  and  usually  crystallize  badly  from  them.  It  should  be  noted  that  the  crys¬ 
talline  phenols  give  tetraaroxysilanes  which  are  usually  solid  at  normal  temperatures,  while  liquid  aryl  silicates 
ate  formed  from  liquid  phenols. 

iFor  preceding  reports  see  [1-5]. 


Tetraaroxysilanes 


t>0 

Boiling  point 
at  given  pres¬ 
sure  (mm) 

%  Si 

Yield 
(in  <%) 

R 

1  e 

20 

"D 

calculated 

found 

CuHr, . 

54" 

236— 237"  (1) 

7.05.  6.94 

7.01 

86 

2-CH,CeH4 . 

— 

247—248  (1) 

1.5615 

6.27.  6.21 

6.15 

69 

3-CH,C«H4  ........ 

— 

251-252  (1) 

1.5587  * 

6.13.  6.00 

6.15 

76 

4-CHyC«H4  ....  .... 
2.4-(CHy)2C6H;, . 

71 

257—258  (1) 

— 

6.02.  6.19 

6.15 

81 

97 

292-293(10) 

— 

5.68.  5.58 

5.48 

72 

3.4-(CH.,)2CoH3  ....... 

51 

303-304  (10) 

— 

5.62.  5.56 

5.48 

79 

2.5-(CH,)2C„H;, . 

— 

295-296(10) 

1.5530 

5.49.  5.58 

5.48 

75 

4-C..H5C6H4 . 

— 

293-294(10) 

5.39.  5.45 

5.48 

80 

5-CHj'2.(CH,)2CHCoH3  .  . 
2-CH,=CHCH2CuH4  .  .  . 

48 

265-270  (4) 

— 

4.58.  4.63 

4.49 

85 

— 

265-267  (1) 

1.5640 

5.08.  5.03 

4.96 

80 

4-CICbH4  .  ; . 

80 

285—236  (4) 

— 

5.19.  5.24 

5.22 

70 

CoH5c:h2 . 

33 

259-260  (1) 

— 

6.06.  6.10 

6.15 

72 

C.r,HB  (cvclopentyl)  .  .  . 

— 

195-196(10) 

1.4645 

7.71.  7.81 

7.62 

8S 

CoHn  (cyclohexyl)  •  •  • 

92 

236—237  (10) 

1 

6.65.  6.53 

6.61 

90 

The  statement  found  in  the  literature  [20]  that  the  orthosilicic  esters  of  phenols  are  "  as  a  rule,  crystalline 
products"  does  not  correspond  to  reality. 

In  most  cases,  the  melting  points  found  by  us  for  tetraaroxysilanes  are  higher  (  by  1-5”)  than  those  given  in 
the  literature.  This  is  explained  by  the  fact  that  for  their  recrystallization,  we  did  not  use  alcohol  (as  did 
other  authors)  which  transesterified  with  tetraaroxysilane,  a  reaction  that  Hertkorn  had  shown  possible  [13]. 

When  illuminated  by  ultraviolet  light,  all  the  tetraaroxysilanes  show  a  bright  light  blue,  blue  or  violet 
fluorescence.  We  are  the  first  to  give  the  refractive  indices  of  liquid  tetraaroxysilanes. 


EXPERIMENTA  L 

The  ethyl  silicate  was  prepared  by  distilling  the  technical  product  on  a  column  over  metallic  sodium  and 
had  b.p.  168.0”  (754  mm),ng  1.3830. 

The  starting  phenols  and  alcohols  (chemically  pure  preparations)were  distilled  in  vacuum  immediately 
before  introduction  into  the  reaction.  Their  boiling  points  and  melting  points  agreed  well  with  the  most  reliable 
literature  data. 

_ Method  of  carrying  out  the  syntheses.  Into  a  distillation  flask  fitted  with  a  20  centimeter  pear  fractionating 

column  was  placed  41.6  g(0.2  moles)  of  ethyl  silicate,  1  mole  of  the  corresponding  phenol(or  alcohol)  and 
0.1-0. 2  g  of  sodium.  The  reaction  mixture  was  heated  until  we  stopped  distilling  off  ethyl  alcohol,  which 
usually  came  over  at  77-79”  in  the  theoretical  amount  (35  -37  g).  The  residue  in  the  flask  was  either  distilled 
in  vacuum  at  0.5— 1.5  mm  (previous  neutralization  of  the  sodium  phenate  with  an  ether  solution  of  HCl  helped 
raise  the  yield  somewhat)  or  purified  by  recrystallization  after  distilling  off  the  excess  phenol.  The  tetraaroxy¬ 
silane,  isolated  by  vacuum  distillation  of  the  crude  material,  was  distilled  a  second  time,  after  which  it  had  the 
boiling  point  given  in  the  table.  The  crystalline  orthosilicic  esters  were  recrystallized  from  a  mixture  of  benzene 
and  petroleum  ether,  carbon  disulfide  or  dry  acetone  with  precautions  to  exclude  moisture  from  the  air. 

Analysis.  The  orthosilicic  esters  obtained  were  analyzed  for  silicon  content  by  evaporating  down  samples 
of  the  material  first  with  dilute  and  then  with  concentrated  sulfuric  acid  with  subsequent  roasting  at  900—1000”. 

As  an  example  we  will  give  the  description  of  the  synthesis  of  tetra-(p-chlorophenoxy)  -silane.  Into  a  dis¬ 
tillation  flask  with  a  pear  condenser  was  placed  41.6  g(0.2  mole  )  of  ethyl  silicate,  0.2  g  of  sodium  and  128.6 
g(l  mole)  of  p-chlorophenol.  The  mixture  was  distilled.  At  78-61”,' 36.9  g(0.8  g  mole  )  of  ethyl  alcohol 
came  over,  i.  e.,  100 %  of  theoretical.  Further  distillation  in  vacuum  gave  30  g  of  excess  chlorophenol  with 
b.p.  83-84”  and  75.4  g(707o)  of  tetra-  (p-chlorophenoxy) -silane  with  b.p.  272-275”  (3  mm)  which  had  the  con¬ 
stants  given  in  the  table  after  a  second  distillation  and  recrystallization. 
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SUMMARY 


It  was  shown  that  the  transesterificatioti  of  ethyl  silicate  with  phenols  in  the  presence  of  the  appropriate 
sodium  phenates  resulted  in  the  formation  of  tetraaroxysilanes  in  70-85%  yield.  Eleven  tetraaroxysilanes  were 
synthesized  by  this  method,  as  well  as  orthosilicic  esters  of  cyclohexanol,  cyclop>entanol  and  benzyl  alcohol. 
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THE  EFFECT  OF  INTERMOLECULA  R  INTERACTION 
ON  BROMINATION  IN  THE  BINARY  SYSTEM 
BENZENE  -  NITROBENZENE 


F.  F.  Cheshko,  L.  N.  Novikova  and  O.  I.  Shevchenko 


The  existence  of  a  nitrobenzene  solvate  of  benzene  was  previously  reported  [1].  The  solvation  of  benzene 
in  a  nitrobenzene  solution  is  due  to  its  polarization  which  was  discovered  by  Holland  and  Le  Fevre  [2], 

The  effect  of  nitrobenzene  in  the  binary  system  benzene- nitrobenzene  is  similar  to  the  effect  of  a  catalyst 
in  a  substitution  reaction  in  the  benzene  ring  [3].  A  substitution  reaction  is  initiated  by  the  polarization  of  the 
components  in  a  polar  solvent  as  well  as  under  the  effect  of  catalysts.  The  benzene  molecule  is  not  polarized 
in  a  nonpolar  solvent  and  therefore,  does  not  tend  towards  intermolecular  reaction. 

We  investigated  the  bromination  of  benzene  in  nitrobenzene,  bromobenzene  and  tetrachloromethane  solu¬ 
tions.  The  initiating  effect  of  nitrobenzene  on  bromination  is  known  only  with  respect  to  strongly  polar  mater¬ 
ials,  for  example,  indigo  and  not  in  solvents  [3,  4].  The  nitrobenzene  molecule  is  a  rigid  dipole  with  a  large 
moment  p  =4.24  D  [5].  The  dipole  moment  of  the  bromobenzene  molecule  is  less  than  p  =  1.54  D  [6].  The 
molecule  of  carbon  tetrachloride  is  nonpolar.  The  polarization  of  the  reagents  was  determined  by  the  total 
dipole  moment  of  the  solvent  molecule. 

The  molar  ratio  of  the  components  of  the  system  benzene- nitrobenzene  was  taken  as  equal  to  2:5,  in  ac¬ 
cordance  with  the  solvate  2C5H5  '  5CgH5N02  found  in  the  previous  work  [1]. 

The  formation  of  a  nitrobenzene  solvate  of  benzene  is  a  reversible  process.  The  nitrobenzene  reaction 
changes  only  the  electron  system  of  the  benzene  ring.  In  this  nitrobenzene  differs  from  such  strongly  polarizing 
solvents  as,  for  example,  sulfuric  acid,  where  solution  is  accompanied  by  irreversible  sulfonation  [7]. 

The  idea  that  the  initiator  of  the  reaction  adds  to  the  reagent  molecule  is  in  agreement  with  the  experi¬ 
mental  data  on  the  effect  of  the  nature  of  the  catalyst  on  the  orientation  of  the  substituent  in  the  benzene  ring 
[3.  8]. 


EXPERIMENTA  L 

The  reagents  were  synthesized  and  purified  in  the  usual  way  [1].  Their  optical  purity  was  checked  by  the 
ultraviolet  absorption  spectra,  which  were  determined  with  an  ISP- 22  spectrograph. 

The  bromination  reactions  were  carried  out  in  a  round- bottomed  flask  with  a  reflux  condenser  by  boiling 
gently  on  a  water  bath  for  4  hours.  Then  the  reaction  mixture  was  washed  with  aqueous  alkali  and  water,  dried 
with  fused  calcium  chloride  and  put  through  fractional  distillation.  The  fractions  collected  at  140—200*  were 
distilled  again;  bromobenzene  was  taken  off  in  the  range  152-153".  After  washing  with  sulfuric  acid  and  water, 
drying  with  calcium  chloride  and  distilling,  the  ultraviolet  absorption  spectrum  was  determined  for  identifica¬ 
tion.  Its  absorption  curve  (Fig.  1)  was  identical  with  the  absorption  spectrum  curve  of  standard,  optically  pure 
bromobenzene.*  The  bromobenzene  was  spectrographed  as  a  liquid  in  isooctane  solution  at  concentrations  of 


•  Spectrum  determined  by  N.  A.  Obraztsova. 
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*1  *  2  *  S 

2.2  *  10  ,  2  •  10  ,  and  2*10  M.  The  available  literature  data  is  incomplete  and  out  of  date  [9,  10]. 

The  kinetics  of  the  reaction  were  investigated  by  iodometric  titration  of  samples  of  the  reaction  mixture, 
taken  every  20  minutes  of  the  reaction. 

In  each  experiment  we  used  30  g  of  benzene  (0.36  mole  )  and  48  g  of  bromine  (0.30  mole  ).  The  same 
volume  of  solvent  was  taken  namely,  92  ml(i.  e.,  0.90  mole  of  nitrobenzene,  0.97  mole  of  carbon  tetrachloride 
and  0.88  mole  of  brombbenzene). 

In  the  nitrobenzene  solution,  the  bromine  reacted  quickly.  The  curve  of  the  change  in  the  amount  of 
bromine  was  a  hyperbola  (Fig.  2,  curve  l).  After  90  minutes  11  g  of  bromine  had  been  consumed  in  bromina- 
tion.  The  yield  of  bromobenze  was  33.1<5?5.  Dibromobenzene  was  not  formed. 

Benzene,  dissolved  in  carbon  tetrachloride,  did  not  react  with  bromine  under  the  same  conditions  of  con¬ 
centration,  temperature  and  time  of  reaction  (Fig.  2,  curve  2).  The  amount  of  bromine  remained  almost  con¬ 
stant  over  240  minutes. 


Ige 


A(ln  A) 

Fig.  1.  Ultraviolet  absorption 
of  bromobenzene  in  isooctane 
solution. 
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Fig.  2.  Bromination  of  benzene 
l)  in  nitrobenzene  solution,  2)  in  carbon- 
tetrachloride  solution,  3)  in  the  absence 
of  a  solvent,  4)  in  bromobenzene  solution. 


In  the  absence  of  solvent,  the  bromination  reaction  maintained  itself  by  thermal  excitation  (Fig.  2,  curve  3). 
The  thermal  excitation  corresponded  to  the  linear  part  of  the  curve.  After  90  minutes,  2  g  of  bromine  had  been 
consumed  in  the  reaction.  The  bromobenzene,  accumulating  after  90  minutes  began  to  act  as  a  polar  solvent 
and  initiated  bromination  similar  to  nitrobenzene,  only  more  weakly.  This  corresponds  to  the  hyperbolic  part 
of  the  curve.  The  yield  of  bromobenzene  was  10.3^o. 


The  initiating  effect  of  bromobenzene  as  a  polar  solvent  in  the  bomination  of  benzene  was  shown  by  the 
fact  that  the  kinetic  curve  of  the  reaction  of  bromine  in  bromobenzene  solution  (Fig.  2,  curve  4)  was  exactly 
like  the  curve  for  nitrobenzene  solution.  After  90  minutes,  6  g  of  bromine  had  been  consumed  in  the  reaction. 
The  yield  of  bromobenzene,  determined  by  the  increase  in  the  amount  of  it  at  the  end  of  the  reaction,  was  15.3^o. 
Dibromobenzene  was  not  formed. 


SUMMARY 

1.  The  bromination  of  benzene  was  investigated  in  solvents—  nitrobenzene,  bromobenzene,  carbon  tetra¬ 
chloride—  and  without  solvents. 

2.  The  solvating  nitrobenzene  medium  which  decreases  the  activation  energy  is  the  most  favorable  for  the 
bromination  of  benzene. 
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BORON  FLUORIDE  AS  A  CATALYST  IN  ORGANIC  CHEMISTRY 


Xm.  ALKYLATION  OF  2-  AND  4-BROMOPHENOLS  BY  PSEUDOBUTYLENE 
AND  CYCLOHEXENE  IN  THE  PRESENCE  OF  THE  CATALYSTS 
BF,’  •  H,P04  and  BFj  •  OCCjHb)* 

S.  V.  Zabgorodny  and  V.  G.  Kryuchkova 


Although  halophenols  possess  high  reactivity  and  are  relatively  accessible  materials,  while  alkylhalophenols 
and  their  alkyl  ethers  have  a  definite  practical  value,  the  alkylation  of  halophenols  with  olefins  has  been  studied 
veryl  little.  We  decided  to  investigate  the  alkylation  of  halophenols  with  olefins  and  cycloolefins  in  the  presence 
of  catalysts  based  on  boron  fluoride. 

The  alkylation  of  2-  and  4-chlorophenols  with  2- butene  [1],  2-pentene  [2]  and  cyclohexene  [3]  in  the  pres¬ 
ence  of  the  ethyl  etherate  of  boron  fluoride  was  described  in  previous  papers.  The  alkylation  of  2-  and  4-bromo- 
phenols  by  pseudobutylene  and  cyclohexene  in  the  presence  of  the  catalysts  BFs  *  H8PO4  and  BFs  •  C)(CjH5)j.was 
studied  in  the  present  work.  It  was  shown  that  phenol  products  or  a  mixture  of  ether  and  phenol  products(de- 
pending  on  the  conditions)  were  formed  by  the  alkylation  of  2-bromophenol  with  pseudobutylene;  in  all  other 
cases,  only  an  ether- like  compound  was  obtained.  The  effect  of  the  molar  ratio  of  reagents  and  catalyst,  time 
and  temperatures  of  the  total  yield  of  ether  and  phenol  compounds  is  shown  in  the  table. 

EXPERIMENTAL 

Cyclohexene  was  prepared  by  dehydrating  cyclohexanol  [4](b.p.  83-84*,  d*  0.8109,  nJJ  1.4450).  Pseudo¬ 
butylene  was  isolated  from  the  pseudobutylene-divinyl  fraction  from  the  polymerization  of  divinyl  with  metal¬ 
lic  sodium.  2-Bromophenol  was  the  commercial  preparation  ( d®  1.6  228  n*  1.5860).  4-Bromophenol  was  pre¬ 
pared  by  the  bromination  of  phenol  [4].  The  catalysts  BFj  •  HJPO4  and  BFs  •  CXCsHs)^  were  prepared  by  satura¬ 
ting  a  hydrous  orthophosphoric  acid  and  the  absolute  ethyl  ether  with  boron  fluoride. 

1.  Alkylation  of  2-bromophenol  with  pseudobutylene  in  the  presence  of  BF3  «  H3PO4  and  BFs  *  C(CgHs)2. 

Into  a  three- necked  flask  fitted  with  a  mechanical  stirrer,  a  thermometer  and  a  gas  inlet,  was  placed  16.65  g 
of  2-bromophenol  and  3.11  g  of  BFs  *  H3P04.  Pseudobutylene  was  introduced  in  the  vigorously  stirred  mixture 
at  such  a  rate  that  the  reaction  temperature  did  not  rise  above  30— 32*.  After  introducing  10.84  g  of  pseudobuty¬ 
lene  over  a  period  of  5  hours,  the  reaction  mixture  was  stirred  for  a  further  2  hours  and  then  as  a  homogeneous, 
light  yellow  liquid,  it  was  treated  with  a  IQPjo  solution  of  NaOH  until  all  the  phenol  compounds  had  been  sepa¬ 
rated.  The  ether  compounds,  which  were  insoluble  in  alkali,  were  isolated,  washed  with  water,  dried  with  sodium 
sulfate  and  distilled.  As  a  result,  we  isolated:  sec-butyl  ether  of  2-bromophenol  2.66  g(12.06<yo)  and  sec-butyl 
ether  of  sec- butyl- 2-bromophenol  4.60  g(20.86‘7c).  On  treatment  in  the  usual  way  with  dilute  hydrochloric  acid 
and  distillation,  the  alkaline  solution  yielded  7.90  g(35.837o)  of  sec- butyl- 2-bromophenol.  The  data  of  the 
different  experiments  are  summarized  in  the  table. 

Sec-  butyl-  2-  bromophenol  was  a  colorless  liquid  with  a  phenolic  odor: 

b.p.  107-110:  at  6  mm,  df  1.3400,ng  1.5486,  MRd54.26;  calc.  54.06. 

Found  %:  Br  34.89.  M  227.7,  226.3.  CioHjsOBr.  Calculated  <7o :  Br  34.88.  M  229. 

The  sec- butyl  ether  of  2-bromophenol  was  a  colorless  liquid  with  a  pleasant  odor: 
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•  Experiments  1-7  were  carried  out  with  2-btomophenol  and  experiments  8-18  with  4-bromophenol. 

•  •R—  denotes  the  sec  -butyl  or  cyclohexyl  radical. 


b.p.  86-8r  at  1  mm,  d^*  1.2811,  nfj  1.5312,  MR^  55.31;  calc.  54.19. 

Found^:  Br  34.42,  34.  46.  M  227.7  ,  228.7.  CigHjsOBr.  Calculated ’/o:  Br  34.88.  M  229. 

The  sec- butyl  ether  of  sec-butyl-2-bromophenol  was  a  colorless  liquid  with  a  pleasant  ether  odor: : 

b.p.  122-125"  at  3  mm,  df  1.2008,  ng  1-5268,  MR£)72.54;  calc.  72.91. 

Found  <7oi  Br  28.23.  C^jHaOBr.  Calculated  Br  28.02. 

2.  Alkylation  of  2-bromophenol  with  cyclohexene  In  the  presence  of  BFg  •  HgPQt  and  BFg  •  CXC>Hk)«.  The 
reaction  was  carried  out  as  described  for  pseudobutylene,  but  in  this  case  the  cyclohexene  was  added  from  a 
dropping  funnel  to  the  vigorously  stirred  2-bromophenol  and  catalyst  at  such  a  rate  that  the  reaction  tempera¬ 
ture  did  not  rise  above  25-26".  After  adding  the  definite  amount  of  cyclohexene,  the  reaction  mixture  was 
stirred  for  two  hours,  left  for  a  day  at  roqm  temperature  and  then  treated  in  the  usual  way.  The  data  of  the 
experiments  are  given  in  the  table. 

The  cyclohexyl  ether  of  2-bromophenol  was  a  colorless  liquid  with  a  pleasant  odor: 

b.p.  127-128"  at  1  mm.  df*  1.3214,  ng  >.5572,  MRj)62.16;  calc.  61.22. 

Found  Br  31.15,  31.09.  M  254.0,  256.7.  C^HigOBr.  Calculated  :  Br  31.32.  M  255.2. 

3.  Alkylation  of  4-bromophenol  with  pseudobutylene  in  the  presence  of  BFg  '  HaPQ4  and  BFg  ‘  0(C2Hg)a. 

The  reaction  was  carried  out  similarly  to  the  alkylation  of  2-bromophenol  with  pseudobutylene  with  the  differ¬ 
ence  in  this  case  that  the  reaction  mixture  was  not  immediately  worked  up  after  the  introduction  of  the  given 
amount  of  pseudobutylene,  but  was  left  for  a  definite  time  at  room  temperature.  The  data  of  the  experiments 
are  given  in  the  table. 

The  sec- butyl  ether  of  4-bromophenol  was  a  colorless  liquid  with  a  pleasant  odor: 

b.p.  95-9r  at  3mm,  dV  1.2847,  nf5  MRp  55.15;  calc.  54.19. 

Found  7o:  Br  34.69.  M  226.3.  CjoHigOBr.  Calculated  %:  Br  34.88.  M  229.0 

The  sec- butyl  ether  of  2^ sec- butyl- 4-bromophenol  was  an  oily,  light  brown  liquid: 

b.p.  120-123"  at  8  mm,  d®  1.2011,  ng  1.5218,  MRp  72.30:  calc.  72.54. 

Found  Br  28.34.  Ci4H2iOBr.  Calculated  % :  Br  28.04. 

4.  Alkylation  of  4-bromophenol  with  cyclohexene  in  the  presence  of  BFg  *  H3PQ4  and  BF3  •  0(C|Hg)t.  Into 
a  wide  tube  of  capacity  40-50  ml  was  placed  17.25  g  of  4-bromophenol,  2.90  g  of  the  catalyst  BF3  •  113804  and 
8.92  g  of  cyclohexene.  The  tube  was  closed  with  a  stopper,  with  a  thermometer  reacliing  almost  to  the  bottom 
of  the  tube  and  the  reaction  mixture  was  shaken  periodically  for  1  hour,  left  at  room  temperature  for  2  hours 
and  treated  with  a  57o  solution  of  NaOH.  The  reaction  began  immediately  after  mixing  the  reagents  and  catalyst 
and  the  mixture  gradually  acquired  a  dark  brown  color.  On  treating  the  reaction  products  with  NaOH,  the  solu¬ 
tion  changed  from  d.;rk  brown  to  light  yeilow,  from  which  yellowish  crystals  of  the  cyclohexyl  ether  of  4-bromo- 
phenol  were  precipitated.  After  recrystallization  from  anhydrous  ethyi  alcohol,  the  weight  of  these  was  15.18  g 
of  59.23% (yield  calculated  on  4-bromophenol).  1.68  g  of  unreacted  4-bromophenol  was  regenerated  from  the 
alkaline  solution.  Data  of  experiments  under  different  conditions  and  with  the  catalyst  BF3  •  0(C 2115)2  ^re  given 
in  the  table. 

The  cyclohexyl  ether  of  4-bromophenol  was  white  crystals  almost  without  odor:  m.p.  44-45" (from  anhy¬ 

drous  ethyl  alcohol). 

Found  %:  Br  31.17,  31.23.  Ci2Hi50Br.  Calculated  %:  31.32. 

SUMMARY 

The  alkylation  of  2-  and  4- bro  mo  phenols  with  pseudobutylene  and  cyclohexene  was  studied  in  the  presence 
of  the  catalysts  BF3  •  M3PO4  and  BF3  •  0(C2H5)2. 
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The  following  compounds  were  synthesized  :  sec  -butyl- 2-bromophenol,  the  sec  -butyl  ether  of  2-bromo- 
phenol,  the  sec  -butyl  ether  of  sec  -butyl-2-bromophenol,  the  cyclohexyl  ether  of  2-bromophenol  the  sec  - 
butyl  ether  of  4-bromophenol,  the  sec  -butyl  ether  of  2-sec  -butyl-4-bromophenol  and  the  cyclohexyl  ether  of 
4-bromophenol. 
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INVESTIGATION  OF  THE  REACTIONS  OF  PINACONES  WITH  SUBSTITUTED 

ACETYLENE  RADICALS 

XIV.  SYNTHESIS  AND  REACTION  OF  UNSYMM. 

METHYL- DIPHENYL- TERTIA RY-  BUTYLA CETYLENYL- ETHYLENE  GLYCOL 
(1,1-  DIPHENYL-  2,5,5-  TRIMEl  HYLHEXINE-  3-  DIOL- 1 ,  ^ 

E..  D.  Venus- Danilova,  V.  I.  Setkova  and  A.  V.  Eltsov 


The  example  of  ditertlary  acetylene  a-glycols  of  type(l)  illustrates  particularly  clearly  the  effect  of  the 
nature  of  the  radicals  and  their  mutual  tendency  towards  reaction  under  the  effect  of  sulfuric  acid  [1]. 


\  / 
COH-COH 

^CiLC— R4 
II) 


Besides  the  usual  pinacoline  reactions  [2],  the  formation  of  substituted  2-hydroxydihydrofurans-2,5  or  the 
corresponding  tautomeric  ethylene  y-ketoalcohols  [3-5]  are  also  characteristic  of  these  pinacones  which  con¬ 
tain  an  extremely  reactive  acetylene  bond.  Quite  often  a  mixture  of  acetylene  ketones  and  substituted  hydroxy- 
dihydrofurans  or  products  of  their  further  reaction  are  obtained  [6-9]. 

With  the  acetylene  a-glycols  that  we  have  investigated  up  to  now,  not  once  could  we  detect  the  products 
of  dehydration  due  to  the  labile  hydroxyl  group  in  the  a- position  to  the  triple  bond  and  adjacent  methyl  group 
(II  Rj-CHj). 

There  are  indications  in  the  literature  that  besides  pinacoline,  a  dienine  alcohol  was  also  Isolated  as  a  re¬ 
sult  of  the  direct  dehydration  of  trimethyl- vinylacetylenyl- ethylene  glycol  with  KHSO4  [10],  while  only  the  pro¬ 
duct  from  the  abstraction  of  water  was  obtained  from  symm.  dimethyl- isobutyl- acetylenyl- ethylene  glycol  when 
treated  with  sulfuric  acid  and  if  there  was  any  pinacoline  regrouping,  it  occurred  only  to  a  very  slight  degree  [11]. 

It  is  known  that  phenyl- vinyl- acetylene  and  acetophenone  are  formed  by  heating  symm.  dimethyl- phenyl- 
-phenylacetylenyl- ethylene  glycol  (1 1  R^  =R3=»CH3i  R3“R4a=C3H5)  with  30<7o  sulfuric  acid  [12].  One  can  suppose 
from  our  experiments  that  these  materials  may  be  formed  by  ketonic  decompostion  of  the  enine  alcohol,  ob¬ 
tained  from  the  original  glycol  by  splitting  out  wateri  however  we  were  unable  to  isolate  this  enine  alcohol  and 
elucidate  its  structure  due  to  its  being  readily  decomposed. 

Considering  this  observation,  as  well  as  the  data  on  the  reaction  ofunsymm.  methyl- diphenyl- plienylacety- 
lenyl- ethylene  glycol  (I;  Ri“=R3=“R4=CjHji  R3“»CH3  [2],  which  gave  only  a  ketone  of  the  acetylene  series  in 
4Cy7o  yield  and  a  large  amount  of  tar,  we  thought  it  interesting  to  Investigate  the  effect  of  sulfuric  acid  on  one 
other  pinacone  of  the  acetylene  series— unsymm.  methyl- diphenyl- tertiarylbutylacetylenyl- ethylene  glycol  (II). 

It  was  to  be  expected  that,  in  analogy  with  unsymm.  methyl- diphenyl- phenylacetylenyl- ethylene  glycol, 
this  pinacone  would  give  an  acetylene  ketone  (lU),  although  the  formation  of  the  enine  alcohol  (IV)  was  also 
possible. 
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The  experiments  on  the  effect  of  sulfuric  acid  of  varying  concentrations  on  unsymm.  methyl- diphenyl- ter¬ 
tiary- butylacetylenyl- ethylene  glycol  (II)  showed  that  this  glycol  is  quite  stable  to  sulfuric  acid  when  hcatedt 
30<^  sulfuric  acid  did  not  affect  (t,  40^o  formed  a  mixture  of  the  enine  alcohol  (IV)  and  the  original  glycol,  and 
a  single  product-  the  enine  alcohol (IV)  in  85<7o  yield  with  a  very  small  amount  of  tar  was  formed  only  with 
41.5%  sulfuric  acid.  Neither  an  acetylene  ketone  (III),  not  y-ketoalcohol  of  the  ethylene  series (V)  were  thus 
isolated  (see  scheme  1). 

The  structure  of  the  enine  alcohol-  1,1-diphenyl-  2-methylen-5, 6-dim ethylhexin-3"Ol-l  was  proved  by 
oxidizing  it  to  obtain  benzophenone  and  benzillc,  formic  and  trimethylacetic  acids. 


Scheme  1 
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Unsymm.  piethyl- diphenyl- tertiary- butylacetylenyl- ethylene  glycol  (ID  was  synthesized  as  in  scheme  2. 


Scheme  2 


(CeHslaCBr-CO-CHs 

(VII) 

(C«H5)2C0H— C=CH  / 


*^^C0H-C0-CH3  (II) 

CflH./ 


(VIII) 


(IX) 


The  original  diphenylacetylcarbinol(IX)  was  obtained  by  a  method  described  earlier,  starting  with  phenyl- 
acetylbromomethane  ( VII  )  [13],  or,  what  was  more  convenient,  using  M.  G.  Kucherov's  method,  by  the  hydra¬ 
tion  of  diphenylacetylenylcarbinol,  which  could  be  readily  synthesized,  in  analogy  with  the  formation  of  acety- 
lenylcyclohexanol  [14]  from  benzophenone  and  sodium  acetylide  in  liquid  ammonia. 

We  should  note  the  unexpected  reaction  of  2,4-diniltophenylhydrazine  in  sulfuric  acid  with  unsymm.  methyl- 
diphenyl-tertiary- butylacetylenyl- ethylene  glycol  (n),  giving  the  2,4- dinitrophenylhydra zone  (VD  of  the  iso¬ 
meric  ethylene  y-ketoalcohol(  V).  The  oily  liquid,  obtained  by  the  action  of  40%  sulfuric  acid  on  unsymm. 
methyl- diphenyl- tertiary- butylacetylenyl- ethylene  glycol,  which  also  contained  a  small  amount  of  the  latter, 
gave  with  2,4-dinitrophenylhydrazine (in  an  alcohol  solution  with  sulfuric  acid)  [15]  a  yellow  precipitate,  which, 
according  to  analysis  for  nitrogen,  could  be  considered  as  the  2,4-dinitrophenylhydrazone  of  the  acetylene  ke¬ 
tone  (lU).  However,  the  liquid  product  obtained  by  the  action  of  41.5%  sulfuric  acid  on  the  acetylene  glycol, 
was  the  pure  enine  alcohol(IV)  and  contained  no  traces  of  ketone  (lU)  and  did  not  react  with  2,4-dinitrophenylhy¬ 
drazine.  It  was^ proved  that  the  2,4-dinitrophenylhydrazone  obtained  did  not  correspond  to  the  acetylene  ketone 
(nD,  but  to  the  ethylene  y-ketoalcohol(  V)  which  could  form  as  a  result  of  isomerization  of  the  acetylene  gly¬ 
col  (D)  in  an  acidic  medium. 

The  same  2,4-dinitrophenylhydrazone  was  obtained  by  treating  the  acetylene  glycol  directly  with  2,4-dini¬ 
trophenylhydrazine'  under  analogous  conditions.  Probably,  in  the  presence  of  sulfuric  acid  in  the  alcohol  solu¬ 
tion,  a  certain  amount  of  the  glycol  was  converted  into  the  unsaturated  y-ketoalcohol (V),  which  reacted  with 
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2,4-diniuophenylhydrazine,  the  latter  affecting  the  course  of  the  reaction. 

It  should  be  noted  that  when  the  reaction  of  an  alcohol  solution  of  the  glycol  and  sulfuric  acid  took  place 
at  ordinary  .temperature,  no  ethylene  y-ketoalcohol  was  detected  and  the  glycol  remained  unchanged  under  these 
conditions. 

The  formation  of  2,4-dinitrophenylhydrazones  of  unsaturated  ketones  from  tertiary  a- acetylene  alcohols 
by  the  action  of  an  alcohol  solution  of  2,4-dinitrophenylhydrazine  in  the  presence  of  sulfuric  acid  is  described 
in  the  literature  [16].  We  were  the  first  to  discover  this  reaction  for  ditertiary  acetylene  ot-glycols  of  type  (I). 

EXPERIMENTAL 

1.  Synthesis  of  starting  materials 

Diphenylacerylenylcarbinol.  Into  a  flask  containing  liquid  ammonia  (1  liter,  d  0.817)  was  placed  23  g  of 
metallic  sodium  and  at  the  same  time,  a'strong  current  of  acetylene  was  passed  through.  An  ether  solution  of 
175  g  of  benzophenone  was  added  dropwise  to  the  sodium  monacetylide  obtained.  After  treating  the  mixture 
with  water,  extracting  the  product  with  ether  and  distilling  off  the  solvent,  we  isolated  170  g(857<0  of  diphenylK 
acetylenylcarbinol  with  b.p.  154*  (3  mm)  and  m.p.  44°,  which  agrees  with  literature  data  [17]. 

Diphenylacetylcarbinol.  a)  15  g  of  diphenylacetylenylcarbinol,  5  ml  of  sulfuric  acid(d  1.8^  ,  200  ml  of 
water  and  5  g  of  mercuric  oxide  were  heated  on  a  water  bath  for  1  hour,  with  vigorous  stirring.  On  mixing, 
there  immediately  came  down  a  white,  flocculent  precipitate,  which  quickly  disappeared  on  heating  and  the 
reaction  mixture  partly  became  tarry.  After  extracting  with  ether,  drying  and  distilling  off  the  ether,  the  quite 
strongly  tarry  liquid  was  distilled  in  vacuum  and  boiled  at  160*  (3  mm).  We  obtained  3  g(197a)  of  a  substance, 
which  melted  at  65°  [13]  and  did  not  depress  the  melting  point  of  authentic  diphenylacetylcarbinol.  Partial 
isomerization  of  the  starting  diphenylacetylenylcarbinol  under  the  effect  of  the  sulfuric  acid  into  fi  ,-6“diphenyl- 
cinnamaldehyde  and  polymerization  of  the  latter  on  heating  (tar)  explains,  probably,  the  low  yield  of  the  ke- 
toalcohol. 

b)  To  10  g  of  mercuric  oxide  and  400  ml  of  dilute  sulfuric  acid  (  1 : 25)  was  added  a  solution  of  30  g  of  di- 
phenylacetylenylcarbinol  in  150  ml  of  96%  ethyl  alcohol.  The  white,  flocculent  precipitate,  which  immediately 
formed,  gradually  disappeared  on  heating  on  a  water  bath  (70°)  without  noticeable  tar  formation  in  the  reaction 
mixture;  by  the  usual  methods  we  isolated  9.6  g(36%)  of  diphenylacetylcarbinol  with  m.p.  65-66°. 

In  four  experiments  we  obtained  28  g(  on  an  average  26%)  of  diphenylacetylcarbinol  from  100  g  of  diphenyl¬ 
acetylenylcarbinol. 

In  a  synthesis  of  diphenylacetylcarbinol  by  the  hydrolysis  of  diphenylacetylbromomethane  [13],  we  synthe¬ 
sized  30  g(56%)  of  diphenylacetylcarbinol  with  m.p.  65-66°. 

2.  Synthesis  of  unsymm.niethyl-diphenyl-tertiarylbutylacetylenyl-ethylene  glycol(  1,1- diphenyl- 2,5,5- tri- 
methylhexine-  3-  diol- 1 , 2) 

To  tertiary  butylacetylenylmagnesium  bromide,  prepared  from  4.8  g  of  magnesium,  22  g  of  ethyl  bromide 
and  17  g  of  tertiary  butylacetylene,  was  added  an  ether  solution  of  22.6  g  of  diphenyl-acetylcarbinol.  The  com¬ 
plex  obtained  was  decomposed  with  dilute  sulfuric  acid  and  the  ether  extract  was  washed  with  a  dilute  solution 
of  soda  and  dried  with  sodium  sulfate.  After  distilling  off  the  ether,  the  thick  oily  substance  quickly  crystallized 
arid  after  recrystallization  from  petroleum  ether,  melted  at  106—107°. 

The  substance  obtained  reacted  with  methylmagnesium  iodide  decolorized  an  aqueous  solution  of  potassium 
permanganate  and  a  solution  of  bromine  in  chloroform  and  did  not  react  with  semicarbazide  acetate.  On  heating 
with  potash  [18]  at  220°,  it  decomposed  with  the  liberation  of  tertiary- butylacetylene. 

According  to  analytical  data,  this  substance  was  an  acetylene  a-glycol—  l,l-diphenyl-2,5,5-ttimethyl- 
hexine-3-diol-l,2(unsymm.  methyl- diphenyl- tertiary  butylacetylenyl-ethylene  glycol)  . 

Found  %;  0  81.57,81.51;  H  8.00,  7.67;  OH  11.50.  M  300.  CaH^Oi.  Calculated  %:  0  81.81;  H  7.79; 
OH  11.03.  M  308. 

In  four  syntheses  we  obtained  50  g(60%^  of  the  acetylene  glycol. 
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sulfuric  acid  were  heated  and  stirred  for  2.5  hours,  while  boiling  gently.  The  light  yellow  liquid  isolated  re¬ 
acted  with  methylmagnesium  iodide  and  immediately  decolorized  a  chloroform  solution  of  bromine  and  an 
aqueous  solution  of  potassium  permanganate.  Reactions  with  2,4-dinitrophcnylhydrazine  and  semicarbazide 
were  negative. 

Distillation  in  vacuum  gave  two  fractions;  1st  b.p.  159-160' (2  mm),  5  g;  2nd  b.p.  160-165"  (2  mm),  3  g; 
in  the  residue  was  a  small  amount  of  tarry  material. 

According  to  analytical  data  the  first  fraction  was  an  enine  alcohol—  l,l-diphenyl-2-methylen-5,5-dim- 
ethylhexiu-3-ol-mv),  formed  as  a  result  of  splitting  out  water  from  the  acetylene  a-glycol  (II). 

B.p.  159-160' (2  mm),  df  1.0550,  nf)  1.5660,  MRj3  89.90.  calc.  91.03;  MRr  1.13. 

Found  <7<,:  €  86.97,  87.15;  H  7.63,  7.88;  OH  6.01.  M  273.  C21H22O.  Calculated  %;  €  86.89;  H  7.58; 
OH  5.80.  M  290. 
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To  confirm  the  proposed  structure,  the  enine  alcohol  was  oxidized  with  potassium  permanganate  in  a  water- 
pyridine  solution.  We  used  3  g  of  alcohol  and  7  g  of  potassium  permanganate  (  5  g  as  a  2%  aqueous  solution  and 
2  g  in  a  dry,  finely  powdered  state).  On  adding  50  ml  of  pyridine,  the  oxidation  was  noticeably  speeded  up. 

After  separating  off  the  manganese  dioxide  and  distilling  off  the  pyridine  in  vacuum,  the  acid  and  neutral  oxi¬ 
dation  products  were  separated  by  the  usual  method.  In  the  neutral  products  we  found  only  benzophenone,  which 
was  characterized  by  its  melting  point  and  the  preparation  of  a  semicarbazone  and  a  2,4-dinitrophenylhydrazone 
(mixed  melting  points). 

On  decomposing  the  salts  of  the  organic  acids  with  dilute  sulfuric  acid,  a  copious  precipitate  formed,  which 
partly  sublimed.  The  sublimed  material  melted  at  120— 121*  and  was  benzoic  acid  (mixed  melting  point).  The 
benzoic  acid  was  extracted  from  the  precipitate  with  petroleum  ether.  The  insoluble  part  gave  a  red  color  with 
concentrated  sulfuric  acid,  melted  at  150“  and  did  not  depress  the  melting  point  of  authentic  benzilic  acid  [19]. 

On  heating  the  aqueous  solution  of  the  acids  to  boiling,  there  distilled  off  3-4  ml  of  a  liquid,  in  which  was  de¬ 
tected  formic  acid  by  the  characteristic  reactions  with  mercuric  chloride  and  an  ammoniacal  solution  of  silver 
oxide.  After  extraction  with  ether,  the  residual  aqueous  solution  of  the  acids  gave  a  low  melting  mass  with  a 
sharply  acid  reaction.  The  equivalent  of  the  acid  was  determined  and  we  also  prepared  its  silver  salt  through 
the  ammonium  one. 

Found  equiv.  97.7.  C5HJ0O2.  Calculated  equiv.  102. 

Found  Ag  52.00,  52.04.  C5H902Ag.  Calculated  <7o:  Ag  51.67. 

According  to  the  analytical  data,  the  acid  obtained  corresponded  to  trimethylacetic. 

On  oxidizing  the  product  with  b.p.  159— 160"  (  2  mm),  we  obtained  benzophenone  and  benzoic,  formic  and 
trimethylacetic  acids,  which  confirmed  that  the  product  was  1,1-diphenyl- 2- methylen-5,5-dimethylhexin- 3- 
-ol-l. 

The  second  fraction  with  b.p.  160—165"  (2  mm),  obtained  on  distilling  the  product  of  treating  the  acetylene 
glycol  with  41.5%  sulfuric  acid,  gave  the  same  qualitative  reactions  and  had  constants  close  to  the  1st  fraction 
(ng  1.5669). 

Found  %:  OH  4.80.  M  242.  CjiHzaO.  Calculated  %:  OH  5.80.  M  290. 

Consequently,  here  also  we  had  the  enine  alcohol,  but  slightly  impure. 

In  all  we  obtained  8  g(85'yo)  of  the  enine  alcohol  by  splitting  out  water  from  the  acetylene  a- glycol. 

SUMMA  RY 

1.  A  new  example  of  a  pinacone  of  the  acetylene  series  was  synthesized—  unsymm.  methyl- diphenyl- 
tertiary- butylacetylenyl- ethylene  glycol  (1,1-diphenyl- 2,5, 5-trimethylhexine-O-diol-l,^  and  it  was  shown  that 
this  pinacone,  in  contrast  to  those  studied  earlier,  was  converted  into  an  enine  alcohol—  l,l-diphenyl-2-methylen' 
-5,5-dimethylhexin-3-ol-l—  by  heating  with  a  41.5%  aqueous  solution  of  sulfuric  acid. 

2.  It  was  found  that  the  reaction  of  an  alcohol  solution  of  unsymm.  methyl- diphenyl- tertiary- butylacety¬ 
lenyl- ethylene  glycol  with  2,4-dinitrophenylhydtazine  in  the  presence  of  sulfuric  acid  gave  a  2,4-dinitrophenyl- 
hyUrazone,  which  corresponded  to  the  isomeric  ethylene  y -ketoalcohol—  1, 1- diphenyl- 2,5, 5-trimethylhexine-Gr 
-ol-l-one-4. 
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INVESTIGATION  IN  THE  FIELD  OF  CYCLIC  ACETALS 


OF  HYDROXYCARBONYL  COMPOUNDS 

Vm.  THE  METHYL  LACTOLIDE  OF  PROPYLBENZOYLCARBINOL 
AND  ITS  REACTIONS 

T.  I.  Temnikova  and  V.  A.  Ivanova 


Methyl  lactolides  of  a-ketoalcohols  which  are  at  the  same  time  a-methoxy-a-oxides(l ),  react  in  the 
presence  of  acid  reagents  in  different  ways  depending  on  the  acid’s  strength  and  on  the  character  of  the  solvent 
used;  a-ketoalcohols  or  their  derivatives  are  thus  formed.  In  all  cases,  the  oxide  ring  is  opened,  but  the  final 
reaction  product  depends  on  the  activity  of  the  solvent  —  whether  it  enters  into  the  reaction  or  whether  the  pro¬ 
cess  is  accomplished  without  its  participation,  as  well  as  on  the  stability  of  the  first  reaction  product  formed. 
Thus,  for  example,  in  all  cases  a-ketoalcohols,  corresponding  to  the  methyl  lactolide  taken,  are  formed  by  the 
action  of  aqueous  acid  solutions  [1,  2].  Reaction  with  methyl  alcohol  in  the  presence  of  HCl  gives  compounds 
which  contain  a  dioxane  ring-  cyclodimethyl  dilactolides (in)  [1,  2,  5].  Isomerization  of  the  methyl  lactolide 
occurs  if  the  solvent  is  incapable  of  reacting  with  methyl  lactolides  in  the  presence  of  catalysts,  affecting  the 
oxide  ring  [3,  4,  8]. 
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The  purpose  of  this  work  was  to  study  the  reaction  of  methyl  lactolides  of  a-ketoalcohols  when  treated  with 
acid  reagents  in  the  presence  of  carbonyl-containing  materials  and,  in  particular,  in  acetone  solution.  It  seemed 
interesting  to  find  out  whether  the  carbonyl-containing  compound  would  add  to  the  oxide  ring  under  these  con¬ 
ditions  or  whether  the  methyl  lactolide  reaction  would  proceed  the  same  as  in  the  presence  of  solvents  that  are 
inactive  with  respect  to  addition  reactions  at  the  oxide  ring.  The  investigations  were  carried  out  using  as  the 
example,  the  methyl  lactolide  of  propylbenzoylcarbinol  which  was  first  obtained  by  us  using  the  usual  method 
of  synthesis—  by  the  action  of  sodium  methylate  on  a-bromobutyl  phenyl  ketone.  The  formation  of  this  sub¬ 
stance  and  the  investigation  of  its  reactions  were  in  themselves  of  interest  as  at  present  only  three  methyl  lacto¬ 
lides  of  ketoalcohols  of  the  aliphatic- aromatic  series  have  been  described  in  the  literature.  The  methyl  lacto¬ 
lide  has  a  typical  spectrum  in  the  infrared  region  with  strong  absorption  at  917  cm  ^  [8]. 

The  action  of  sulfuric  acid  on  the  methyl  lactolide  (0  (R  =n.-C3H7)  in  an  acetone  solution  both  in  the  cold 


and  when  heated,  as  well  as  under  different  working  conditions,  gave  only  two  reaction  products:  the  cyclodi¬ 
methyl  dilactolide  of  propylbenzoylcarbinol  (III)  (R  =n.-CjH7)  and  the  ketoalcohol,  n,-propylbenzoylcarbinol 
(II)(R=n.-C  sHj).  The  cyclodimethyl  dilactolide  of  propylbenzoylcarbinol,  which  has  not  been  described  in 
the  literature,  was  prepared  for  comparison  and  identification  also  by  the  usual  method—  by  the  action  of  1% 

HCl  in  methyl  alcohol  on  the  methyl  lactolide  [1,  2}.  The  formation  of  the  ketoalcohol  was  explained  by  the 
hydrolysis  of  the  methyl  lactolide  with  water,  which  we  were  unable  to  remove  from  the  acetone  by  the  usual 
drying  method;  the  water  content  of  the  acetone  was  determined  by  the  carbide  method  and  equalled  0.2%. 

A  very  small  amount  of  a  material,  containing  a  methoxyl  group,  was  among  the  liquid  reaction  products  besides 
the  ketoalcohol,  but  it  could  not  be  isolated  in  a  pure  state;  apparently,  isomerization  of  the  methyl  lactolide 
into  the  methyl  ether  of  the  isomeric  ketoalcohol  occurred  at  tlie  same  time  to  a  very  slight  degree  in  the  acidic 
medium.  Practically  complete  isomerization  of  this  type  occurred  when  the  methyl  lactolide  was  treated  with 
an  SnCl^  solution  in  carbon  tetrachloride  or  zinc  chloride  in  ether.  The  ether  of  the  ketoalcohol  (IV)  (R  =  n.-C| 
H7),  obtained  has  an  absorption  maximum  in  the  infrared  spectmm  at  1718  cm“\  typical  of  a  carbonyl  not  con¬ 
jugated  with  a  phenyl  group  [8].  An  attempt  to  react  benzophenone  in  a  CCI4  solution  with  the  methyl  lactolide 
in  the  presence  of  SnCl4  was  unsuccessful;  the  benzoplienone  was  recovered  in  full  and  only  the  methyl  ether  of 
the  ketoalcohol  was  obtained  in  the  distillation. 

Thus,  the  carbonyl  containing  material  could  not  be  reacted  with  the  methyl  lactolide  of  the  aliphatic- 
aromatic  ketoalcohol;  under  the  conditions  used  only  the  usual  reaction  products  of  the  methyl  lactolide  were 
obtained.  This  should  be  noted  as  a- oxides  react  relatively  readily  in  the  presence  of  acids  or  SnCl4  with  ace¬ 
tone,  giving  the  corresponding  1,3-dioxolanes  [6,  7]. 

EXPERIMENTAL 

Preparation  of  the  methyl  lactolide  of  propylbenzoylcarbinol  (I)(R  =n.-C3H7).  An  ether  solution  of  22  g 
of  a-bromobutyl  phenyl  ketone  (b.p.  130—133“  at  4  mm)  was  added  dropwise  to  a  suspension  of  metallic  sodium 
in  absolute  ether  with  vigorous  stirring.  It  was  worked  up  in  the  usual  way  [1,  2],  We  obtained  9.9  g(56%)  of 
the  methyl  lactolide.  It  was  a  colorless  liquid  with  a  pleasant  smell. 

B.p.  94-96“  at  4  mm,  df  1.0239,  ng  1.4940,  MRp  55.00;  calc.  56.44. 

Found  %:  0  75.13,  75.20;  H  8.42,  8.57;  OCH3  16.4.  CizHieOj.  Calculated  %;  C  75.00;  H  8.33;  OCHj 
16.1. 

>  Conversion  of  the  methyl  lactolide  of  propylbenzoylcarbinol  by  H2SO4  in  acetone.  With  vigorous  stirring 

and  cooling,  1  drop  of  concentrated  H2SO4  was  added  to  20  ml  of  acetone  containing  0.2%  moisture;  then  a  solu- 
^  tion  of  5  g  of  the  methyl  lactolide  in  5  g  of  acetone  was  added  slowly,  dropwise  to  the  boiling  solution,  after 

J  which  boiling  was  continued  for  a  further  5  minutes.  On  adding  the  methyl  lactolide,  colorless  crystals  began 

to  separate  and  after  cooling  they  were  separated  off  and  recrystallized  from  benzene.  The  yield  was  0.62  g. 

The  m.p.  was  243—245“. 

Found  %:  C  75.3,  75.14;  H  8.5,  8.62;  OCH3  16.07.  M  393.  C24H32O4.  Calculated  %:  C  75.00;  H  8.33; 
OCH3  16.1.  M  384. 

According  to  analytical  data  this  was  the  cyclodimethyl  dilactolide  of  propylbenzoylcarbinol ( III)  (R  =  n. 
-C3H7).  The  same  cyclodimethyl  dilactolide  was  prepared  from  the  methyl  lactolide  of  propylbenzoylcarbinol 
by  treatment  with  1.5%  HCl  in  methyl  alcohol. 

The  acetone  solution  remaining  after  filtering  off  the  crystals  was  freed  from  sulfuric  acid  with  fused  potash 
and  was  distilled,  first  at  normal  pressure  and  then  in  vacuum.  The  main  mass  distilled  over  129— 130“  (7  mm). 
Up  1.5180.  The  substance  contained  practically  no  -OCH3  groups  and  apparently  was  the  almost  pure  a-keto- 
alcohol,  propylbenzoylcarbinol  ( act.  H  0.9). 

Found  %:  C  74.60,  74.39;  H  846,  8.01.  CuHmOz.  Calculated  %;  C  74.15;  H  8.31. 

2,4-Dinitrophenylhydrazone—  m.p.  98~100“. 

Found  %;  N  15.49,  15.60.  Cj7Hi305N4.  Calculated  %:  N  15.64. 
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Isomerization  of  the  methyl  lactolide  of  propylbenzoylcarbinol  into  the  methyl  ether  of  phenylpropylcar- 
blnol  in  the  presence  of  SnCl^.  a)  3  g  of  the  methyl  lactolide  of  propylbenzoylcarbinol  was  added  dropwise 
to  a  solution  of  0.12  g  of  anhydrous  SnCl4  in  23  ml  of  CCI4.  The  reaction  mixture  was  stirred  for  1  hour,  then 
a  17<7o  aqueous  solution  of  KOH  was  added  to  the  solution,  the  aqueous  solution  was  separated  and  the  CCI4  solu- 
tion  was  dried  with  potash.  Next  day,  after  distilling  off  the  CCI4,  the  residue  was  distilled  in  vacuum  to  yield 
a  substance  with  b.p.  117—120*  at  6  mm. 

dj  1.0608,  n{)  1.5198,  MRq  55.00;  calc.  55.67. 

Founder  C  74.95;  H  8.13;  CX:H8  16.5.  CiaH^Oj.  Calculated  <7o  j  C  75.00;  H  8;33;  OCH,  16.1. 

The  methoxyketone  was  characterized  by  the  2,4-dinitrophenylhydtazone.  The  m.p.  was  103-104*. 

Found  <7os  N  14.88,  14.85.  CuHao05N4.  Calculated  N  15.05. 

SUMMARY 

The  methyl  lactolide  of  propylbenzoylcarbinol  —  the  oxide  of  a-methoxy-a-phenyl-g-propylethylene- 
was  prepared  and  characterized.  The  methyl  lactolide  is  readily  dimerized  into  a  dioxane  derivative  and  hy¬ 
drolyzes  to  the  ketoalcohol—  propylbenzoylcarbinol. 

The  methyl  lactolide  undergoes  isomerization  into  the  methyl  ether  of  phenylpropylcarbinol  when  treated 
with  anhydrous  SnCl4. 
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PREPARATION  OF  METHYL  PHENYL  KETALS  OF 
A  LIP  HA  TIC-AROMA  TIC  a  -  K  ET  O  A  L  CO  HOLS 

G.  A.  Ugolnikova 


In  the  last  few  years,  much  attention  has  been  paid  to  the  chemistry  of  various  compounds  containing  a 
phenoxy  group  as  they  may  be  used  as  chemical  weed  killers  and  plant  growth  stimulants  [1],  as  well  as  fungi¬ 
cides  [2];  a-phenoxyamine  compounds,  readily  obtained  from  a-phenoxyketones,  are  of  pharmacological  in¬ 
terest  [3].  Due  to  this  we  continued  the  work,  begun  earlier  [4]  on  the  preparation  of  methyl  phenyl  ketals  of 
aliphatic- aromatic  a-ketoalcohols.  The  first  example  of  such  a  type  of  a-ketoalcohol  derivative  was  obtained 
in  this  work  by  the  action  of  phenol  on  the  methyl  lactolide  of  methylbenzoylcarbinoUI)  (R  =CH3;  R’=H); 
here,  as  well  as  in  treatment  with  other  acidic  reagents  [5],  the  opening  of  the  oxide  ring  from  the  methoxy 
group  side  was  observed  and  the  methyl  phenyl  ketal  of  methylbenzoylcarbinol  (II)  (R  =CHj;  R'=H)  was  formed. 


OCH, 

I /O  ,^ 

C„Hr-C - C 


(I) 


C.Hs 


OCH, 

I 

-C  C. 

I 

OC„H., 

(II) 


OH 


R' 


C,H,ONa 


C,iH; 


o 

II  , 

C-C< 

I 

Br 

(III) 


R 

R'. 


The  methyl  phenyl  ketal  was  also  obtained  by  the  action  of  sodium  phenate  on  a-bromoethyl  phenyl  ke¬ 
tone  (III)  (R  =CH3;  R'  =H)  in  a  methyl  alcohol  solution.  As  usual,  (y-phenoxyethyl  phenyl  ketone  was  obtained 
by  the  action  of  sodium  phenate  on  the  bromoketone  in  other  solvents  (ether,  acetone).  In  connection  with  this, 
it  is  interesting  to  note  that  the  reaction  proceeded  differently  when  potassium  2,4-dichlorophenate  in  a  methyl 
alcohol  solution  was  treated  with  a-bromoacetone  and  2,4- dichlorophenoxy acetone  was  obtained,  as  in  other 
solvents  [6]. 

It  seemed  interesting  to  find  out  whether  the  formation  of  mixed  ketals  would  occur  in  the  action  of  phenol 
on  the  methyl  lactolides  of  other  aliphatic- aromatic  a-ketoalcohols  homologs  of  methylbenzoylcarbinol,  as 
well  as  in  the  action  of  sodium  phenate  in  a  methyl  alcohol  solution  on  their  corresponding  a-bromoketones. 

The  reaction  of  the  methyl  lactolides  of  three  aliphatic  aromatic  ketoalcohols—  ethylbenzoylcarbinol  (R= 
C2H5;  R*  =H),  propylbenzoylcarbinol(R  *C3H7;  R*  =H)  and  dimethylbenzoylcarbinol  (R  =R’=CH3)—  with  phenol 
were  studied  in  this  paper.  In  all  cases,  methyl  phenyl  ketals  (II),  corresponding  to  these  ketoalcohols,  were  ob¬ 
tained.  These  same  ketals  were  obtained  by  the  action  of  sodium  phenate  in  methyl  alcohol  solution  on  the 
a-bromoketones  corresponding  to  the  above  ketoalcohols.  Methyl  phenyl  ketals  are  readily  hydrolyzed  by  heating 
to  40*  with  a  5%  aqueous- alcohol  solution  of  H2SO4  with  the  formation  of  methyl  alcohol,  phenol  and  a-keto¬ 
alcohols  corresponding  to  them. 


EXPERIMENTA  L 

1.  Preparation  of  1- methoxy- 1- phenoxy- 1- phenyl- 2- methyl-propanol- 2  (methylphenyl  ketal  of  dimethyl- 
benzoyl  carbinol).  a)  The  reaction  of  the  methyl  lactolide  of  dimethylbenzoylcarbinol  with  phenol.  A  solution 
of  5  g  of  phenol  in  60  ml  of  benzene  was  added  to  8  g  of  methyl  lactolide  [4].  The  mixture  was  left  for  a  day 
at  room  temperature.  The  benzene  was  distilled  off  in  vacuum  and  the  residual  crystals  were  recrystallized 
from  methyl  alcohol  when  they  had  m.p.  121.5— 122^. 
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in  Experiment  1.  We  used  15  g  of  the  bromoketone,  6.21  g  of  phenol,  1.68  g  of  sodium  and  60  ml  of  methanol. 
The  large  crystals  formed  were  washed  with  water  to  remove  sodium  bromide  and  melted  at  143*  after  recrystal¬ 
lization  from  methanol.  A  mixed  melting  point  with  the  crystals  obtained  from  the  oxide  was  not  depressed. 

Found  o/o:  C  75.17,  75.13;  H  7.40,  7.42;  OCH3  11.69;  act.  H  0.986.  M  271.7.  C„Ha)03.  Calculated 
C  75.00;  H  7.37;  OCH3  11.39;  act.  H  1.0.  M  272. 

Hydrolysis  of  the  ketal.  The  hydrolysis  was  carried  out  as  in  Experiment  1.  The  ketoalcohol  obtained  re¬ 
duced  Fehling’s  solution.  It  was  treated  with  a  2%  solution  of  HCl  in  methanol.  The  white  needle- like  crystals 
formed  melted  at  239*  [8]  after  recrystallization  from  benzene.  The  phenol  in  the  aqueous  extract  was  charac¬ 
terized  as  triiodophenol. 

3.  Preparation  of  1-methoxy-l-phenoxy-l-phenylpentanol- 2 (methyl  phenyl  ketal  of  propylbenzoylcarbinol). 
a)  The  reaction  of  the  methyl  lactolide  of  propylbenzoylcarbinol  with  phenol.  1.19  g  of  phenol  was  dissolved 
in  20  ml  of  benzene  and  added  to  2.43  g  of  oxide  [7].  After  3  days  the  solution  took  on  a  gelatinous  form  and 
began  to  crystallize  slowly.  The  crystals  were  filtered  off  and  after  recrystallization  from  methanol,  melted  at 
109.5-110*. 

b)  The  reaction  of  g-bromo-n- butyl  phenyl  ketone  with  sodium  phenate.  The  reaction  was  carried  out  as 
in  Experiments  1  and  2,  and  we  used  10  g  of  the  bromoketone,  3.89  g  of  phenol,  0.955  g  of  sodium  and  30  ml 
of  methanol.  The  sodium  bromide  formed  was  filtered  off,  the  methanol  distilled  off  from  the  solution  and  the 
gelatinous  mass  formed  quickly  crystallized.  The  crystals  melted  at  110*  after  recrystallization  from  methanol 
and  a  mixed  melting  point  with  the  crystals  from  the  oxide  was  not  depressed. 

Found  %!•  C  75.28  ,  75.45;  H  8.00,  7.97;  OCH3  7.93;  act.  H  0.96.  M  285.2.  CijHzaOj.  Calculated  ojo 
C  75.48;  H  7.74;  OCH3  8.03;  act.  H  1.00.  M  286. 

Hydrolysis  of  the  ketal.  The  hydrolysis  was  carried  out  as  in  Experiment  1.  The  ketoalcohol  obtained  was 
characterized  as  the  osazone  [7],  m.p.  236-237*. 

Found  N  20.88  ,  20.92.  CjjHjoOgN,.  Calculated  <7o;  N  20.89. 
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The  phenol  In  the  aqueous  extract  was  characterized  as  trliodophenol. 

In  conclusion  I  would  like  to  thank  T.  I.  Temnikova  for  suggesting  the  subject  and  constant  help  in  the  work. 

SUMMARY 

The  action  of  phenol  on  the  methyl  lactolides  of  aliphatic- aromatic  o-l<etoalcohols,  regardless  of  the  length 
and  branching  of  the  aliphatic  chain,  results  in  the  opening  of  the  oxide  ring  from  the  methoxy  group  side  and 
the  formation  of  methyl  phenyl  ketals  corresponding  to  the  a-ketoalcohol.  The  same  ketals  are  formed  by  the 
action  of  sodium  phenate  in  methyl  alcohol  solution  on  the  bromoketones  corresponding  to  the  a-ketoalcohol. 
Methyl  phenyl  ketals  are  readily  hydrolyzed  when  heated  gently  with  a  5%  aqueous -alcohol  solution  of  sulfuric 
acid. 
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SYNTHETIC  ANESTHETICS 


Xn.  ESTERS  OF  TERTIARY  y -DIALKYLAMINOPROPANOLS 
AND  y -DIALKYL A MINOBUTANOLS 

I.  N.  Nazarov  and  R.  I.  Kruglikova 


In  searching  for  new  anesthetics,  we  synthesized  a  series  of  esters  of  tertiary  y-dialkylaminopropanols  and 
y  -dialkylaminobutanols  of  the  type 


OCOAr 

I 

>NCHoCH.>C(R)2  and 


CH,  OCOAr 
I  ■  I 

>NCHCH.>C(R)o 


While  the  esters  of  primary  amino  alcohols  (  novocaine  analogs)  have  been  investigated  very  thoroughly  and 
the  esters  of  secondary  amino  alcohols (tutocaine,  hexylcaine,  etc,)  in  some  detail,  only  some  analogs  similar 
to  stovaine  have  been  investigated  in  the  series  of  esters  of  tertiary  amino  alcohols  [1], 


C‘  Hf' 

>NCH.>CH..OCOC„H,NH2-/i 

CjHr/ 


Novocaine 


— NHCH2CHOCOC,,Hr. 


CH, 


Hexylcaine 


CH 


CH, 


CH;, 

I 

NCHiCHCHOCOCijHiNH,-/. 

CH;, 

Tutocaine 

C2H5 

CH;,.  I 

)NCH,COCOC„H-, 
CH/  ^  1 

CH;, 

Stovaine 


It  seems  likely  from  the  data  available  that  an  increase  in  the  carbon  chain  between  the  nitrogen  and  oxygen 
(amino  alcohol  chain)  usually  results  in  an  increase  in  physiological  activity  and  toxicity  of  the  compound,  and 
furthermore,  the  activity  increases  more  rapidly  in  certain  cases.  Thus,  for  example,  the  anesthetic  effect  of 
p-aminobenzoates  of  y  -diethylamino-  and  y  -dibutylaminopropanols  is  greater  than  that  of  novacaine.  It  seemed 
interesting  to  investigate  the  physiological  activity  of  esters  of  tertiary  amino  alcohols  and  to  establish  its  re¬ 
lation  to  the  structure  of  the  compounds  in  this  series  (the  character  of  the  radicals  at  the  tertiary  carbon  atom, 
the  character  of  the  amino  group,  the  presence  of  a  substituted  in  the  amino  alcohol  chain).  For  this  purpose, 
we  synthesized  tertiary  amino  alcohols  (HD()  and  their  corresponding  esters  (XIV— XXV).  The  tertiary  y-dlalkyl- 
amiho  alcohols  were  obtained  by  the  action  of  Grignard  reagents  on  g-dialkylaminopropionic  and  B-dialkyl- 
aminobutyric  esters,  which  in  their  turn  were  obtained  in  good  yields  by  the  addition  of  secondary  amines  to 
methyl  acrylate  and  ethyl  crotonate. 


OCOAr 


>NCH..CHi.C(R)2 

ArCOCI  I  OH 

CHa^CHCOOCR,  — >NCH2CH2COOCH3  — ^  >NCH2CH2C(R)2 


CH3  OH 

CHyCH^CHCOOCzHs  — >NCHCH2COOC2H5  — ^  >NCHCH2C(R)2. 

I  ^ArCOCI 

CHa  >NCHCH2C(R)2 

I  I 

CH,  OCOAr 


In  carrying  out  the  Grignard  reaction  with  methyl- 6 -dimethylaminopropionate,  it  was  noticed  that  as  the 
radical  of  the  organo-magnesium  compound  increased  in  size,  the  yield  of  tertiary  amino  alcohol  decreased  and 
the  yield  of  the  intermediary  reaction  product—  the  amino  ketone  —  increased. 


{CH.,)2NCH,CH2C00CH3 


RMgX 


(CHalaNCHvCHaCR 

OH 
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R 
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26 
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26 
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61 

The  Grignard  reaction  usually  stops  at  the  ketone  formation  stage  only  when  the  organo-  magnesium  com¬ 
pound  contains  a  heavy  or  branching  radical  [2].  An  analogous  phenomenon  was  also  observed  by  other  inves¬ 
tigators  [3]  in  the  formation  of  a  mixture  of  alcohol  and  ketone  or  even  only  ketone  by  the  Grignard  reaction  in 
the  presence  of  a  tertiary  amino  group  in  the  6-  or  y- position  to  the  ester  group.  A  tertiary  amine  group,  in 
the  6“position  to  a  nitrile  group,  also  has  a  retarding  effect  on  the  Grignard  reaction.  We  could  not  obtain  ke¬ 
tones  by  the  action  of  an  organo-magnesium  or  organo  lithium  compound  on  6-dialkylaminopropionitrile.  The 
original  aminonitrile  was  recovered  when  the  reaction  was  carried  out  under  mild  conditions  while  the  reaction 
products  resinified  under  drastic  conditions ( prolonged  heating).  The  action  of  methylmagnesium  iodide  on 
methyl- 0-diethylaminopropionate  gave  6-diethylamino-ethyl-dimethylcarbinol(  VI)  in  57<7o  yield.  However, 
the  action  of  ethyl-,  propyl-,  butyl-  and  isoamylmagnesium  bromides  gave  amino  ketones  and  dehydration  pro¬ 
ducts  of  the  expected  alcohols  in  low  yields.  The  reaction  of  ethyl- fi-dimethylaminobutyrate  with  methylmag¬ 
nesium  iodide  and  ethylmagnesium  bromide  proceeded  smoothly;  the  corresponding  amino  alcohols  (VID  and 
( Vin)  were  thus  formed  in  69  and  yields  respectively.  The  reaction  of  ethyl-0 -piperidylbutyrate  with 
methylmagnesium  iodide  gave  products  of  undetermined  structure,  which  boiled  with  decomposition  in  a  2  mm 
vacuum  at  160-170*.  The  substitution  of  methylmagnesium  iodide  by  methylmagnesium  bromide  in  this  reaction 
made  it  possible  to  obtain  the  expected  B-piperidylpropyldimethylcarbinoHIX)  in  42%  yield. 


OH 

I 

(R')2NCH2CH2C(R)2 


CH3  OH 

I  I 

(R')2NCHCH2C(R)2 


(I)  R  =  CH3,  R  =CHji 

(II)  R=:C,H,,  R'  =  CH3; 

(III)  R=C,H„  R'  =  CH,t 


(IV)  R  =  C,H„  R'=CH3: 

(V)  R  =  b-o-C3H„,  P'  =  CHii 

(VI)  R  =  CH„  R'  =  C,H5, 


(VII>  R  =  CHa,  R'  =  CH,, 
(VIII)  R  =  C,H„  R'  =  CH,) 

(IX)  R=CH„  R'N=C,H,oN. 


(CHalaNCHiCHz-COR 


(X)  R=C,H,,  (XII)  P=:C,H„ 

(XI)  R=C,H„  (XIII)  R  =  h»o-C5H, 
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All  the  tertiary  amino  alcohols  obtained  by  us  were  readily  esterified  with  acid  chlorides  into  the  corres¬ 
ponding  esters.  Benzoates  and  phenoxyacetates  of  tertiary  amino  alcohols  were  obtained  in  yields  of  up  to 
by  the  action  of  benzoyl  chloride  and  phcnoxyacetyl  chloride  in  a  benzene  solution  and  were  tested  for  anes¬ 
thetic  action  in  the  All-Soviet  Scientific  Research  Institute  of  Chemistry  and  Pharmaceutics,  in  the  laboratory 
of  Professor  M.  D.  Mashkovsky. 
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I 

IXIV)  (CH;,),NCH,CH,C(CH3),-HCI, 
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TABLE  1 


TABLE  2 
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solution) 

Toxicity-mean 
fatal  dose 
(mg/kg) _ 

Presence  of 

Irritating 
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Novocairie 

(XIV) .  . 

(XV)  .  . 

69 

22 

20 

60 

26.5 

21.5 

)  Does  not 

1  irritate 

(XVII)  . 
(XVIII)  . 
(XIX)  . 
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13 

18.5 
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1  Activity  index 

Prepa¬ 

ration 

concentration  (in «!(«) 
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0.25 

0.5 

1 

2 

evaluation 

Dicaine 

Novocafae 
(XX)  .  . 

1100 

1300 

1300 

310 

790 

Com¬ 

plete 

810 

-f- 

(XXI)  . 

346 

670 

831 

(XXII)  . 
(XXIII)  . 

900 

980 

1050 

449 

596 

(XXIV)  . 
(XXV)  . 

1165 

1150 

555 

1230 

700 

-4- 

The  results  of  the  tests  for  surface  anesthesia  (by  a  modification  of  Renier's  method)  on  the  preparations 
(XIV— XIX)  are  given  in  Table  1. 


The  increase  in  the  radicals,  at  the  tertiary  carbon,  results  at  first  in  an  increase  in  the  anesthetic  effect 
of  the  compound,  then  to  its  abrupt  decrease.  The  radicals  C3H7  and  C4H9  are  optimal.  The  irritating  effect 
of  the  preparation  increases  simultaneously  with  increase  in  activity.  The  toxicity  of  the  compounds  in  this 
series  increases  proportionately  to  the  increase  in  the  radicals  at  the  tertiary  carbon  atom.  The  presence  of  a 
substitutent  (of  the  methyl  group)  in  the  amino  group  chain  has  a  considerable  effect  on  the  anesthetic  activity 
of  the  compound. 

The  introduction  of  a  methyl  group  into  the  amino  alcohol  group  leads  to  a  sharp  increase  in  anesthetic 
activity  (compounds  XIV  and  XXI,  XV  and  XXIII).  The  activity  also  increases  on  substituting  the  dimethylamino 
by  the  diethylamine  group  (XIV  and  XX)  and  especially  by  the  piperidine  group  (XXI  and  XXIV).  Phenoxyacetates 
only  in  some  cases  ate  more  active  than  benzoates,  in  contrast  to  the  anesthetics  of  the  piperidine  series,  where 
this  is  a  strongly  held  rule.  The  most  interesting  compound  we  prepared  was  the  hydrochloride  of  fl-piperidyl- 
propyldimethylcarbinol  benzoate  (XXIV),  which  is  similar  in  activity  to  dicaine (Table 


EXPERIMENTAL 

Ethyl  crotonate.  1000  g  of  acetoacetic  ester  was  hydrogenated  without  solvent  in  an  autoclave  at  125—130* 
with  a  hydrogen  pressure  of  110  atm.  in  the  presence  of  40  g  of  Raney  nickel  catalyst.  From  distillation  we  ob- 
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tained  660  g  of  ethyl  fl-hydroxybutyrate  with  b.p.  82-92*  at  15  mm.  To  300  g(2.1  moles)  of  the  ethyl  S"hy- 
droxybutyrate  obtained  was  added  234  g(2.3  moles)  of  acetaldehyde  while  cooling  in  ice  water.  Over  30  min¬ 
utes,  115  g  of  acetic  acid  was  distilled  off  in  vacuum,  50  g  of  fused  potassium  acetate  was  added  to  the  residue 
and  400  g  of  dry  ethyl  crotonatc  with  b.p.  135—150®  was  distilled  off.  The  distilled  product  was  washed  with 
water,  a  lOPJo  potash  solution  and  again  with  water  and  was  dried  with  calcium  chloride.  On  distilling  with  a 
fractionating  column,  we  obtained  170  g  of  ethyl  crotonatc  with  b.p.  136-140*.  The  yield  was  A2P]o  on  the  ace- 
toacetic  ester. 

Methyl  fi-dimethylaminopropionate.  100  g  of  methyl  acrylate  (b.p.  78-80®)  was  saturated  with  62  g  of 
gaseous  dimethylamine.  The  mixture  was  kept  for  24  hours  at  room  temperature.  On  distilling  we  obtained 
137  g  of  methyl  g-dimethylaminopropionate  with  b.p.  152-154®.  The  yield  was  90fo. 

Ethyl  B-dimethylamlnobutyrate.  A  mixture  of  80  g  of  ethyl  crotonate  and  52  g  of  gaseous  dimethylamine 
was  kept  for  24  hours  at  room  temperature.  On  distilling  we  obtained  105  g  of  ethyl  S-dimethylaminobutyrate 
with  b.p.  85-87®  at  27  mm.  The  yield  was  93%. 

Methyl  B~diethylaminopropionate.  A  mixture  of  86  g  of  methyl  acrylate  and  90  g  of  diethylamine  was 
kept  for  two  days  at  room  temperature.  On  distilling  we  obtained  128  g  of  metliyl  6-diethylaminopropionate 
with  b.p.  177—181®.  The  yield  was  80%. 

Ethyl  g-piperidylbutyrate.  A  mixture  of  50  g  of  ethyl  crotonate  and  45  g  of  piperidine  was  kept  for  six 
days  at  room  temperature.  On  distilling  we  obtained  65  g  of  ethyl  fl-piperidylbutyrate  with  b.p.  120—122’  at 
18  mm.  The  yield  was  75%.  After  one  day  the  reaction  went  477o,  after  4  days,  667o  and  after  3.5  months,  767o. 

13-Dimcthylaminoethyldimethylcarbinol (1).  With  vigorous  stirring  and  cooling  in  ice  water,  20  g(0.15 
mole)  of  methyl  0-dimethylaminopropionate  in  50  ml  of  ether  was  added  to  a  solution  of  methylmagnesium 
iodide  (0.45  mole),  prepared  from  10.8  g  of  magnesium  and  64  g  of  methyl  iodide  in  100  ml  of  absolute  ether. 
The  rate  of  addition  was  such  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  5-6®.  After  adding 
the  aminoester,  the  mixture  was  stirred  for  3  hours  at  room  temperature  and  3  hours  while  heating  on  a  water 
bath  and  then  it  was  hydrolyzed  with  50  g  of  ice  and  50  ml  of  a  saturated  solution  of  ammonium  chloride.  The 
aqueous  layer  was  saturated  with  potash  and  the  product  was  extracted  several  times  with  ether,  dried  with  sodium 
sulfate  and  distilled  in  vacuum.  We  obtained  10.8  g(55%)  of(I)  as  a  mobile  liquid  with  an  amine  odor. 

B.p.  55-57.5®  at  16  mm,  np  1.4305,  d^®  0.8439,  MRp  np  ;  calc.  39.99. 

Found  7,,:  N  10.52,  10.33.  C^HpON.  Calculated  7o:  N  10.67. 

The  picrate  melted  at  133—134®  after  recrystallization  from  alcohol. 

The  hydrochloride  was  very  hygroscopic;  after  2  recrystallizations  from  anhydrous  alcohol,  it  melted  at 
135-138®. 

B-Dimethylaminoethyldiethylcarbinol(Il)  and  l-dimethylaminopentanone-3  (X).  The  reaction  was  carried 
out  as  described  above,  starting  from  7.9  g  of  magnesium,  40  g  of  ethyl  bromide,  20  g  of  methyl  6-dimethyl- 
aminopropionate  and  150  ml  of  absolute  ether.  We  obtained  8.5  g(357ci)  of(II). 

B.p.  71-73®  at  8  mm,  nfj  1.4431,  df  0.8578,  MRp  49.15;  calc.  49.23. 

Found  7o:  N  9.52,  9.24.  CgHjjON.  Calculated  7o:  N  9.39. 

The  hydrochloride  melted  at  159— 160® (  from  alcohol). 

Found  7o;  N  6.93,  7.06.  CjHjjONCl.  Calculated  7o :  N  7.14. 

In  this  experiment  we  also  obtained  4,2  g(217()  of  0-dimethylaminopentanone-3(X)  with  b.p.  63-67®  at 
12  mm;  np  1.4340. 


Found%:  N  10.47,  10,58,  C7H15ON.  Calculated  7o;  N  10.83. 

The  hydrochloride  of  the  aminoketone(X)  was  very  hygroscopic  and  quickly  deliquesced  in  air. 


The  picrate  melted  at  119-121*  after  recrystallization  from  alcohol.  A  sample  mixed  with  the  picrate  of 
the  acid  melted  at  65-69*. 

Found  <70 1  N  15.98,  16.0.  CisHigO,N4.  Calculated  % s  N  15.67. 

B“Dimethylaminoethyldipropylcarbinol  (m)  and  2^dimethylaminohexanone-3(XI),  With  vigorous  stirring 
and  cooling  in  ice  water,  25  g(0.19  mole)  of  methyl  0-dimethylaminopropionate  in  50  ml  of  absolute  ether 
was  slowly  added  to  an  ether  solution  of  propylmagnesium  bromide  (0.45  mole)„  prepared  from  10.8  g  of  mag¬ 
nesium  and  58  g  of  propyl  bromide  in  100  ml  of  absolute  ether.  The  reaction  mixture  thickened  up  strongly 
and  the  stirrer  stopped.  The  mixture  was  boiled  vigorously  for  5  hours  and  then  was  decomposed  with  50  g  of 
ice  and  100  ml  of  187o  hydrochloric  acid.  After  extraction  of  the  neutral  products  with  ether,  the  acidic  aqueous 
solution  was  saturated  with  potash  and  the  organic  bases  were  carefully  extracted  with  ether,  dried  with  sodiuin 
sulfate  and  distilled  in  vacuum.  From  the  low-boiling  products  we  obtained  7.4  g(26'5Q  of(XI). 

B.p.  69-^1*  at  7  mm,ng  1.4308,  0.8600,MRi3  43.01i  calc.  43.09. 

Found  7o:  N  9.77,  9.65.  CgHiTON.  Calculated  % :  N  9.79. 

From  the  high- boiling  products  we  isolated  9.3  g(26‘7()  of(IlD. 

B.p.  83-64°  at  4  mm,  n^  1.4308,  d^®  0.8533,  MR[)58.31|  calc.  58.46. 

Found  N  7.35,  7.12.  CuHjjON.  Calculated*^:  N  7.50. 

The  picrate  melted  at  99— 100.5* (from  alcohol). 

fl-Dimethylaminoethyldibutylcarbinol(IV)  and  l-dimethylaminoheptanone-3(XIl).  20  g  (0.15  mole)  of 
methyl  0-dimethylaminopropionate  in  50  ml  of  absolute  ether  was  slowly  added  to  an  ether  solution  of  butyl- 
magnesium  bromide  (0.45  mole),  prepared  from  11  g  of  magnesium  and  70  g  of  butyl  bromide  in  100  ml  of 
absolute  ether.  The  reaction  was  carried  out  as  described  in  the  previous  experiment.  We  obtained  8.5  g(35.&^Q 
of(XlD. 

B.p.  91-92r  at  15  mm,  nf)  1.4290,  df  0.8247,  MRp  47.96;  calc.  47.41. 

Found  ojoi  N  8.55,  8.57.  .CgHjgON.  Calculated  N  8.91. 

The  picrate  melted  at  77-78.5°  (from  alcohol). 

Found  fo!  N  14.57,  14.53.  C^HjANa-  Calculated  N  14.51. 

From  the  high-boiling  products  we  isolated  7  g(21.3‘7c)  of(IV). 

B.p.  119-120*  at  11  mm,ntJ  1.4490,  df  0.8528,  MRp  67.61;  calc.  67.70. 

Found  <7o!  N  6.84,  6.36.  CigHjgON.  Calculated  %:  N  6.51. 

The  hydrochloride  of  the  aminoketone  (XD)  and  the  aminoalcohol(IV)  were  white  crystals,  which  quickly 
deliquesced  in  air,  even  after  three  recrystallizations  from  acetone. 

0-Dimethylaminoethyldiisoamylcarbtnol  ( V)  and  l-dimethylamino-6-methylheptanone-3(Xin).  26  g 
(0.2  mole)  of  methyl  0-dimethylaminopropionate  in  60  ml  of  absolute  ether  was  slowly  added  to  an  ether  solu¬ 
tion  of  isoamylmagnesium  bromide  (0.50  mole),  prepared  from  12  g  of  magnesium  and  80  g  of  isoamyl  bromide 
in  120  ml  of  absolute  ether.  The  reaction  was  carried  out  as  in  the  experiment  for  the  preparation  of  the  amino- 
alcohol  (ni).  We  obtained  20  g(61‘y(d  of(XIII). 

B.p.  78-60*  at  3  mm;  ng  1.4360,  df  0.8561,  MRp  52.40;  calc.  52.33. 

Found  %:  N  8.44,  8.40.  CnHaON.  Calculated  N  8,20. 

We  also  obtained  4.6  g(9.6<7fl)  of(V). 

B.p.  107-111*  at  3  mm,  n{J  1.4490,  df  0.8480,  MRp  76.85;  calc.  76.93. 

Found  7ol  N  6.41,  6.28.  CuHggON.  Calculated  <7o:  N  6.57. 
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B  -  Dlethylamlnoethyldimethylcarbinol  (  VQ.  30  g(0.19  mole)  of  methyl  8-diethylaminoproplonate  was 
added  to  an  ether  solution  of  methylmagnesiuni  iodide  (0.50  mole),  prepared  from  12  g  of  magnesium  and  71 
g  of  methyl  iodide  in  120  ml  of. absolute  ether.  The  reaction  was  carried  out  as  in  the  preparation  of  the  amino - 
alcohol  (0.  We  obtained  17  g(57<^  of (VI), 

B.p.  73.5-74.5*  at  11  mm,  nf?  1.4266,  df  0.8457,  MRd49.20j  calc.  49.22. 

Found  f/o  t  N  8.69,  8.56.  CjM^ON.  Calculated  N  8.80. 

The  hydrochloride  melted  at  103— 105*  (from  acetone). 

B-  Dimethylaminopropyldimethylcarbinol  (  VD).  16  g(0.1  mole)  of  ethyl  B-dimethylaminobutyrate(b.p. 
80-62“  at  20  mm)  in  50  ml  of  absolute  ether  was  added  to  an  ether  solution  of  methylmagnesium  iodide  (0.3  ■ 
mole),  prepared  from  43  g  of  methyl  iodide  and  7.2  g  of  magnesium  in  100  ml  of  absolute  ether.  The  reaction 
was  carried  out  as  in  the  preparation  of  the  aminoalcohol  (O.  We  obtained  10  g(697c)  of(VlD. 

B.p.  70-72*  at  21  mm,  ng  1.4266,  d^  0.8387,  MRp  44.35;  calc.  44.31. 

Found  N  9.72,  9.81.  C,Hi^N.  Calculated  N  9.66. 

The  picrate  melted  at  127—129* (from  alcohol). 

After  reprecipitation  from  alcohol  with  ether,  the  hydrochloride  came  out  as  long  needle- like  crystals;  they 
were  very  hygroscopic  and  quickly  deliquesced  in  air. 

fl  -  Dimethylamitx>ptopyldiethylcarbinol  (  VHO.  16  g(0.1  mole)  of  ethyl  6"dimethylaminobutyratc  in  50  ml 
of  absolute  ether  was  added  to  an  ether  solution  of  ediylmagnesium  bromide  (0.3  mole),  prepared  from  33  g  of 
ethyl  bromide  and  7.2  g  of  magnesium  in  100  ml  of  absolute  ether.  The  reaction  was  canied  out  as  described 
above.  We  obtained  7  g (40^  of (VII). 

B.p.  68-70*  at  4  mm,  ng  1.4390,  dj*  0.8447,  MRp  53.86;  calc.  53.84. 

Found  <7o;  N  8.16,  8.21.  CmHbON.  Calculated  N  8.10. 

The  picrate  melted  at  117-119*  (from  alcohol).  A  sample  mixed  with  the  picrate  of  the  acid  melted  at 
72-66*. 

Found  «7ot  N  14.17.  CieH»08N4.  Calculated  % ;  N  13.91. 

The  hydrochloride  was  hygroscopic  and  deliquesced  in  air  after  3  reprecipitations  from  alcohol  with  ether. 

B“Piperidylpropyldimethylcarbinol  ( IX).  While  the  reaction  flask  was  cooled  in  dry  ice  and  acetone,  33 
g(0.16  mole)  of  ethyl  6“pipetidylbutyrate(b.p.  108—111*  at  13  mm)  was  slowly  added  to  an  ether  solution  of 
methylmagnesium  bromide  (0.50  mole),  prepared  from  13  g  of  magnesium  and  50  ml  of  methyl  bromide  in  150 
ml  of  absolute  ether.  The  reaction  was  carried  out  as  in  the  experiment  for  the  preparation  of  the  aminoalcohol 
(D.  We  obtained  12.5  g(42‘7o)  of(IX). 

B.p.  77-79*  at  3  mm,  ng  1.4605. 

Found  %!  N  7.42,  7.39.  CnH^ON.  Calculated  N  7.56. 

The  hydrochloride  had  m.p.  169-171  *(from  acetone). 

On  carrying  out  this  experiment  under  similar  conditions  with  methylmagnesium  iodide,  we  obtained  a 
product,  which  slqwly  distilled  with  considerable  decomposition  in  vacuum  at  2  mm  at  about  130*  (bath  tempera¬ 
ture  160-170*>. 

The  benzoate  of  B~dimethylamlnoethyldimethylcarbinol(XIV).  With  stirring  and  cooling  in  ice  water, 

4.3  g( 0.033  mole)  of  fl-dimethylaminoethyldimethylcarbinol  (I)  in  5  ml  of  dry  benzene  was  slowly  added  to  a 
solution  of  11  g(0.08  mole)  of  benzoyl  chloride  in  10  ml  of  dry  benzene.  Noticeable  heating  up  occurred  and 
crystals  immediately  precipitated.  After  standing  for  2  hours  at  room  temperature,  the  crystals  were  pressed  out, 
washed  several  times  with  absolute  ether  and  recrystallized  from  a  mixture  of  acetone  and  alcohol  ( 10  tl).  We 


obtained  8.5  g(96^o)  of  the  hydrochloride  of  the  benzoate  of  fl-dimethylaminoethyldimethylcarbinol  with  m.p. 
166.5-168". 

Found  N  5.46  ,  5.28.  Ci4H2202NCl.  Calculated :  N  5.17. 

8.5  g  of  the  hydrochloride  was  decomposed  with  potash  solution  and  we  obtained  5  g  of  the  base  of  the  ben¬ 
zoate  (XIV)  with  b.p.  116—117”  at  3  mm. 

Found  <7(,:  N  6.23,  6.17.  C14H21O2N.  Calculated  N  5.96. 

The  base  was  again  converted  into  the  hydrochloride  with  m.p.  166.5—168". 

The  benzoate  of  8-dimethylaminoethyldiethylcarbinol(XV).  With  shaking  and  cooling  in  ice  water,  a 
solution  of  8  g(0.05  mole)  of  8-dimethylaminoethyldiethylcarbinol  (n)  in  5  ml  of  dry  benzene  was  added  to  a 
solution  of  21  g(0.15  mole)  of  benzoyl  chloride  in  20  ml  of  dry  benzene.  After  10—15  minutes  crystals  began 
to  deposit.  The  reaction  mixture  was  kept  at  room  temperature  for  5  hours,  after  which,  the  crystals  were  pressed 
out  and  washed  several  times  with  absolute  ether.  We  obtained  15  g(~  100^()  of  the  hydrochloride  of  the  ben¬ 
zoate  of  0-dimethylaminoethy]diethylcarbinol,  which  melted  at  140—141*  after  recrystallization  from  acetone. 

Found  N  4.81,  4.71.  Ci,H2g02NCl.  Calculated  %;  N  4.68. 

The  hydrochloride  was  converted  into  the  base.  We  obtained  10  g  of  the  benzoate  (XV)  with  b.p.  136—137" 
at  4  mm,np  1.5010. 

Found  7o:  N  5.39,  5.41.  CigHa02N.  Calculated  fo;  N  5.32. 

The  phenoxyacetate  of  6-dimethylaminoethyldiethylcarbinol  (XVQ.  A  mixture  of  5.5  g(0.03  mole)  of 
phenoxyacetyl  chloride,  3  g(0.02  mole)  of  6-dimethylaminoethyldiethylcarbinol(Il)  and  10  ml  of  dry  benzene 
was  kept  at  room  temperature  for  5  hours.  After  the  usual  working  up,  we  obtained  5.3  g(87%)  of  the  hydro¬ 
chloride  of  the  phenoxyacetate  (X VI)  with  m.p.  155-156"  [from  a  mixture  of  alcohol  and  acetone  ( 1  d.0)  ]. 

Found  <7o:  N  4.18,  4.11.  C27H2b03NC1.  Calculated  % :  N  4.25. 

The  benzoate  of  8-dimethylaminoethyldiptopylcatbinol(XVI]).  The  reaction  was  carried  out  as  described 
above.  In  the  reaction  we  used  8.4  g(0  .06  mole)  of  benzoyl  chloride  and  4.7  g( 0.025  mole)  of  S-dimethylamino- 
ethyldipropylcarbinol  in  15  ml  of  dry  benzene.  The  mixture  was  kept  at  room  temperature  for  15  hours.  We  ob¬ 
tained  7.3  g(87<yq)  of  the  hydrochloride  of  the  benzoate (XVD),  which  melted  at  153.5—154.5"  after  2  recrystal¬ 
lizations  from  acetone. 

Founder  N  4.55,  4.13.  C28H30O2NCI.  Calculated  <7o :  N  4.28. 

The  benzoate  of  B-dimethylaminoethyldibutylcarbinol  (XVlH).  A  mixture  of  11.2(0.08  mole)  of  benzoyl 
chloride,  8.2  g{0.05  mole)  pf  6-dimethylaminoethyldlbutylcarbinol  (IV)  and  15  ml  of  dry  benzene  was  kept  at 
robm  temperature  for  24  hours.  After  working  up  in  the  usual  way,  we  obtained  13  g(93'7o)  of  the  hydrochloride 
of  the  benzoate (XVm)  with  m.p.  113— 114.5"  (from  acetone). 

Found<7o:  N  3.81,  3.82.  C2oH,402NCl.  Calculated  %  N  3.83. 

The  benzoate  ofs -dimethylaminoethyldiisoamylcarbinol(XIX).  A  mixture  of  6  g(0.43  mole  of  benzoyl 
chloride,  4.1  g(0.17  mole)  of  6“dimethylaminoethyldiisoamylcarbinol(  V)  and  15  ml  of  dry  benzene  was  kept 
at  room  temperature  for  2  days.  After  working  up  in  the  usual  way  we  obtained  3.5  of  the  hydrochloride 

of  the  benzoate (XIX)  with  m.p.  130— 131.5*  (after  3  reprecipitations  from  alcohol  with  ether). 

Found  70;  N  3.65,  3.50.  C22H3SO2NCI.  Calculated  N  3.65. 
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The  benzoate  of  fl-diethylatninoethyldimethylcarbiiiol  (XX).  A  mixture  of  14  g(0.1  mole)  of  benzoyl 
chloride,  6  g(0.04  mole)  of  fl-diethylaminoethyldimethylcarbinol  (  VI)  and  15  ml  of  dry  benzene  was  kept  over¬ 
night  at  room  temperature.  After  working  up  in  the  usual  way  we  obtained  11  g(97'y()  of  the  hydrochloride  of 
the  benzoate  (XX)  with  ra.p.  150— 151"  (from  acetone). 

Founder  N  4.77,  4.42.  Ci^jgO,NCl.  Calculated  N  4.68. 

7  g  of  the  hydrochloride  was  converted  into  the  base.  We  obtained  4.8  g  of  the  benzoate  (XX)  as  a  thick 
liquid  with  b.p.  133—135*  at  5  mm. 

Founder  N  5.29,  5.58.  CigHaOjN.  Calculated  :  N  5.33. 

The  benzoate  of  3-dimethylaminopropyldimethYl  carbinol(XXI).  A  mixture  of  10.5  g(0.08  mole)  of  ben¬ 
zoyl  chloride,  4  g(0.05  mole  of  3-dimethylaminopropyldimethylcarbinol ( VII)  and  13  ml  of  dry  benzene  was 
kept  for  24  hours  at  room  temperature.  We  obtained  6.2  g(79.5‘7c)  of  the  hydrochloride  of  the  benzoate  (XXI) 
with  m.p.  140-141.5  *  (after  3  reprecipitations  from  alcohol  with  ether). 

Found  %:  N  4.70,  4.97.  CuHjiOiNCl.  Calculated  N  4.90 

The  phenoxyacetate  of  fl-dimethylamlnopropyldimethylcarbinol(XXIl).  A  mixture  of  8.5  g(0.05  mole) 
phenoxyacetyl  chloride,  4g(0.022mole)  of  0-dimethylaminopropyldimethylcarbinol(  ViO  and  10  ml  of  dry 
benzene  were  kept  for  a  day  at  room  temperature.  After  working  up  in  the  usual  way,  we  obtained  6.2  g(78'y<) 
of  the  hydrochloride  of  the  phenoxyacetate  (XXID  with  m.p.  137— 138“  (from  acetone). 

Founder  N  4.67,  4.71.  Ci,Hj^NCl.  Calculated  N  4.67. 

The  benzoate  of  S~dimethylaminopropyldiethylcarbinol(XXIIl).  A  solution  of  3  g(0.02  mole)  of  6“di" 
methylaminopropyldiethylcarbinoH  vni)  in  4  ml  of  dry  benzene  was  slowly  added  to  a  solution  of  7.3  g(0.05 
mole)  of  benzoyl  chloride  in  6  ml  of  dry  benzene,  cooled  in  ice  water.  Crystals  of  the  hydrochloride  did  not 
precipitate  after  standing  for  two  days  at  room  temperature.  The  benzene  was  distilled  off  and  the  oily  residue 
was  treated  with  absolute  ether.  The  crystalline  hydrochloride  formed  was  reprecipitated  four  times  from  alcohol 
*  with  ether.  We  obtained  3.5  g(64.5‘7q)  of  the  hydrochloride  of  the  benzoate  (XXm)  with  m.p.  122—123*. 

Founder  N  4.62,  4.21.  CiyH^CjNCl.  Calculated  N  4.47. 

■  *• 

The  benzoate  of  fi-piperidylpropyldimethylcarbinol  (XXIV).  A  mixture  of  5.6  g(0.09  mole)  of  benzoyl 
1  chloride,  3.5  g(0.02  mole)  of  6-piperidylpropyldimethylcarbinol(IX)  and  10  ml  of  dry  benzene  was  kept  for 

ji  12  hours  at  room  temperature.  After  working  up  in  the  usual  way  we  obtained  5.6  g(9CK7()  of  the  hydrochloride 

of  the  benzoate  (XXIV)  with  m.p.  178-179*  from  a  mixture  of  alcohol  and  acetone  (1 :5).  It  was  readily  soluble 
in  water  and  alcohol  but  less  in  acetone. 

Found  N  4.53,  4.40.  CuHaOiNCl.  Calculated  N  4.30. 

The  phenoxyacetate  of  B-pipetidylpropyldimethylcatbinol(XXV).  A  mixture  of  7  g(0.04  mole)  of  phen¬ 
oxyacetyl  chloride,  3.5  g(0.02  mole)  of  0-piperidylpropyldimethylcarbinol(IX)  and  10  ml  of  dry  benzene  was 
kept  for  a  day  at  room  temperature  and  then  treated  in  the  usual  way.  After  3  recrystallizations  from  acetone, 
we  obtained  2.8  g(40<y<)  of  the  hydrochloride  of  the  phenoxyacetate  (XXV)  with  m.p.  125—126.5"  as  fine,  flaky 
crystals,  which  were  readily  soluble  in  water  and  alcohol  and  less  in  acetone. 

Found  <y(,;  N  4.20,  4.34.  CijHjoOjNCl.  Calculated  <7o:  N  3.94. 

SUMMARY 

A  series  of  tertiary  y -dialky laminopropanols  and  y- dialky laminobutanols  was  prepared  by  the  Grignard 
method  from  the  esters  of  0-dialkylaminopropionic  and  6-dialkylaminobutyric  acids.  A  series  of  aminoketones 
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-  Intermediate  products  of  the  Grignard  synthesis-  were  obtained  by  carrying  out  the  Grignard  reaction  with 
methyl-fl-dlmethylaminopropionate.  The  yield  of  the  ketone  increased  with  the  size  of  the  radical  of  the  or- 
gano- magnesium  compound.  The  tertiary  amino  alcohols  obtained  were  readily  esterified  ( in  90-100%  yield) 
with  benzoyl  chloride  and  phenoxyacetyl  chloride. 

Some  benzoates  and  phenoxyacetates  of  tertiary  y-dialkylaminobutanols  have  a  high  anesthetic  activity 
similar  to  the  activity  of  dicaine. 
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SYNTHESIS  AND  REACTIONS  OF  a-  METHYLVINYL  ETHERS  OF 
ISOALCOHOLS  AND  ETHYLENE  GLYCOLS.  V. 


M.  F.  Shostakovsky  and  E.  P.  Gracheva 


The  purpose  of  this  investigation  was  to  synthesize  and  investigate  certain  properties  of  a-methylvinyl  iso¬ 
alkyl  ethers  and  ct- methylvinyl  ethers  of  ethylene  glycols. 

The  synthesis  of  these  ethers  was  carried  out  using  the  reaction  of  methylacetylene  in  the  presence  of  po¬ 
tassium  hydroxide  according  to  the  scheme; 


CH3-C=CH  -h  (CH  OiCHOH  ^  CH2=C-OCH(CH3)2 

T  I 


CH, 


(I) 


CHg— C=CH  CH,OH— CH2OH 


KOH 


CH20H-CH,0-C=CH, 


CH, 


.0. 


isomer  CH3 — C — CH3 
(li)  ^O^^ 


CH2 

I 

CH, 


In  comparing  the  reaction  conditions  of  the  addition  of  alcohols  of  the  aliphatic  series  to  acetylene  [1]  and 
methylacetylene  [2]  it  was  observed  that  the  reaction  proceeded  in  the  first  case  at  150—180*  using  5—10'^  po¬ 
tassium  hydroxide  and  in  the  second  case  at  240-250*  in  the  presence  of  15— 20%  of  the  catalyst  mentioned. 
Apparently,  the  change  from  acetylene,  containing  two  symmetrical  labile  hydrogen  atoms  to  substituted  acety¬ 
lenes  made  the  addition  more  difficult  due  to  the  fact  that  the  vinylating  agent  was  no  longer  the  methylacety¬ 
lene  CH3CSCH,  but  its  isomer  CH2=C=CH2  allene  [3],  which  is  less  active.  Therefore,  a  higher  reaction  tem¬ 
perature  and  a  larger  percent  of  catalyst  was  required  and  this  caused  a  series  of  side  reactions. 

We  obtained  the  following  «- ethers:  a-methylvinyl  isopropyl  (Of  a-methylvinyl  isobutyl  (nO  and  a-methyl¬ 
vinyl  isoamyl  (IV).  The  boiling  points,  specific  weights  and  refractive  indices  of  the  above  ethers  are  lower  than 
those  of  the  a-methylvinyl  alkyl  ethers  of  normal  structure  [4]. 


(CH.,)2CH— CH2O— C-=CH , 

I 

CH3 


(CH3)2CH-CH2-CH20-C-CH2 

CH3 


(III) 


(IV) 


When  we  examined  the  addition  of  methylacetylene  to  ethylene  glycol,  a  cyclic  ketaldO  was  obtained 
instead  of  the  expected  mono-  and  di- a- substituted  vinyl  ethers  of  ethylene  glycol,  as  are  produced  in  the  re¬ 
action  of  ethylene  glycol  with  acetylene  [5].  This  phenomenon  is  explained  by  the  fact  that  the  addition  of 
ethylene  glycol  to  methylacetylene  occurs  at  130—140*,  while  the  addition  of  ethylene  glycol  to  methylacetylene 
occurs  at  170—180*.  Due  to  the  high  reaction  temperature,  the  monovinyl  ether  formed  was  wholly  isomerized 
into  a  cyclic  ketal.  A  ketal  of  sucli  structure  had  been  obtained  earlier  by  other  methods  [6]. 
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The  reactivity  of  a- niethylvinyl  isoalkyl  ethers  was  further  studied  in  hydrolysis  and  polymerization  reac¬ 
tions.  It  was  shown  that  these  compounds  were  very  readily  hydrolized  with  1-2%  H1SO4. 

HOVt 

CHa=C-OCH(CH3)*  CH3COCH3 (CHglaCHOH 

I  HfSOi 

CH3 

(1) 

We  used  this  reaction  to  prove  the  structure  of  the  a-methylvinyl  isoalkyl  ethers, 

a-Methylvinyl  isoalkyl  ethers  were  polymerized  in  the  presence  of  the  ionic  catalyst  FeClj(5%  dioxane 
solution).  The  effect  of  this  catalyst  in  the  first  stage  of  the  reaction  is  expressed  as  follows: 

FeCl3-4-HOH  — ►  FeCla  •  HOH  — *•  (FeCl3  •  OH)-+-H+ 

The  proton  If*" participates  in  the  formation  of  the  carbonium  ion  : 

CHj=C-OCH,CH(CH3)s-«-H+  — ►  CH3— C+-OCHa-CH(CH3), 

CH3  CH3 


The  carbonium  ion  formed  leads  the  polymerization  process  : 


CH3— C+-OCHa-CH(CH3)2  -h«CH*=C-OCH3— CHfCHa)*  — ► 
CHj  CH3 

OCH,CH(CH3)j  OCH,-CH(CH3)j  OCHjCHCCHs), 


CH 


3-d^  — CHa C~ - 1  -CHa 

in,  -!•-» 


I 

CH, 


I 

CH3 


-  \ 

.  !> 

f  k 


The  polymerization  of  a- substituted  vinyl  ethers  of  both  normal  and  iso  structure  occurs  below  zero,  while 
vinyl  alkyl  ethers  polymerize  at  the  boiling  point  [7],  The  reason  for  this  difference  we  considered  to  be  the 
different  stability  of  the  oxonium  complexes  of  these  compounds  (A  and  B). 


CH,=CHOR  CHa=C - OR 


H(FeClj  •  OH) 
(A) 


CH3  H(FeCl3-OH). 
(B) 


Complex  (B)  is  more  unstable  and  its  formation  and  dissociation  start  at  a  lower  temperature. 

EXPERIMENTAL 


Starting  materials  and  method  of  synthesis.  The  starting  materials  for  the  synthesis  of  a- substituted  vinyl 
isoalkyl  ethers  were  alcohols  with  the  following  constants:  isopropyl  b.p.  81-82",  d*  0.7800,  1.3771;  iso¬ 

butyl  b.p.  108.6*,  df  0.8020,n5  1.3980;  isoamyl  b.p.  131.4",  d?  0.8106,  ng  1.4084;  glycol  b.p.  196-198", 
dj  1.1135,  ng  1.4320.  As  a  monosubstituted  acetylenic  hydrocarbon,  we  used  methylacetylene,  which  was 
prepared  by  brominating  propylene  and  then  splitting  out  two  molecules  of  hydrogen  bromide  [8].  The  methyl- 
acetylene  was  collected  in  a  weighed  receiver,  which  was  placed  in  a  Dewar  flask  filled  with  dry  ice.  The  syn¬ 
thesis  was  carried  out  in  an  autoclave,  which  was  cooled  to  0-2" (snow).  A  definite  amount  of  methylacetylene, 
weighed  into  an  ampule,  was  cooled  in  dry  ice  and  together  with  the  ampule  was  placed  in  the  autoclave,  con¬ 
taining  alcohol  and  alkali. 
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Synthesis  of  g- tnethylvinyl  Isopropyl  ether  (Q.  Into  a  rotating  Berglns  autoclave  of  1  liter  capacity,  fitted 
with  an  electrical  heater,  a  thermometer  and  an  acetylene  manometer,  by  the  method  given  above,  we  loaded 
120  g(  3  mole)  of  methylacetylene,  198  g(2  mole)  of  isopropyl  alcohol  and  66  g(207o)  of  powdered  potassium 
hydroxide.  The  autoclave  was  heated  for  11  hours  at  240—248*.  The  maximum  pressure  In  the  autoclave  was 
75-60  atm.  Before  unloading  the  autocalve  was  cooled.  The  methylacetylene,  which  had  not  reacted  with 
alcohol,  was  collected  in  a  trap  in  a  Dewar  flask  with  carbon  dioxide.  We  recovered  22.8  g  of  methylacetylene. 
The  residual  reaction  mixture  was  transferred  from  the  autoclave  Into  a  flask.  The  reaction  mixture  was  dis¬ 
tilled  in  a  flask  with  a  pear  fractionating  column.  The  following  fractions  were  collected  :  lst-61— 78*  (754  mm), 
157.2  g;  2nd-78-82°  (756  mm),  60.2  g.  A  large  oily  residue  (42.4  ^  was  left  in  the  flask. 

The  1st  fraction  was  dried  with  fused  potash  and  distilled  on  a  column  with  an  efficiency  of  20  theoretical 
plates. 

B.p.  77-78.5*(756  mm),  ng  1.3932,  d^  0.7691, MRp  30.7}  calc.  31.08. 

Found  %:  C  72.22;  H  12.19.  M  97.0.  CgHiP.  Calculated  %;  C  72.00;  H  12.00.  M  100. 

After  a  second  distillation  of  the  2nd  fraction  we  isolated  a  substance  with  b.p.  80-62°,  ng  1.3770,  d® 

0.7803,  which  was  unreacted  isopropyl  alcohol.  The  yield  of  ether  (I)  was  54.2^0. 

Hydrolysis  of  g- methylvinyl  isopropyl  ether.  Into  a  conical  flask  with  a  ground  stopper  was  placed  a  sample 
of  the  substance  weighing  16.2  g  and  30  ml  of  a  2^0  solution  of  H2SO4.  The  reaction  mixture  was  shaken  me¬ 
chanically  at  room  temperature  for  1  hour,  after  which  the  acid  was  neutralized  with  fused  potash  and  the  hy¬ 
drolysis  product  was  distilled  on  a  water  bath  in  a  flask  with  a  pear  fractionating  column.  In  this  way,  we  ob¬ 
tained  a  fraction  with  b.p.  54-83°,  which  was  a  mixture  of  acetone  and  isopropyl  alcohol.  On  treating  this 
mixture  with  2,4-dinitrophenylhydrazine,  yellow-orange  crystals  precipitated,  which,  after  two  recrystallizations 
from  alcohol,  had  m.p.  127.5*  and  corresponded  to  acetone  2,4-dinltrophenylhydrazone.  A  mixed  m.p.  was  not 
depressed  ( literature  data  [9],  m.p.  128*). 

Synthesis  of  g- methylvinyl  iso  butyl  ether  (ni).  Into  the  autoclave  was  loaded  130  g(3  mole)  of  methyl¬ 
acetylene,  228  g(2  mole)  of  isobutyl  alcohol  and  74  g  of  potassium  hydroxide (20^o).  The  autoclave  was  heated 
for  13  hours  at  240—250*  and  then  cooled  to  room  temperature,  when  the  unreacted  methylacetylene  was  collected 
in  a  trap  in  a  Dewar  flask  filled  with  carbon  dioxide.  We  recovered  4.2  g  of  methylacetylene.  The  reaction 
mixture  was  distilled  in  a  flask  with  a  pear  fractionating  column.  The  following  fractions  were  collected:  1st- 
b.p.  51— 104*  (749  mm),  196.6  g;  2nd-b.p.  104— 110*  (749  mm),  40.6  g.  A  large  oily  residue(39.3  g)  was  left 
in  the  flask.  The  1st  fraction  was  washed  6  times  with  water  and  dried  with  fused  potash.  After  a  second  dis¬ 
tillation  on  a  column  it  had: 

B.p.  98.5-99*  (749  mm),  ng  1.4050,  d|“  0.7817,  ng  34.49;  calc.  34.8. 

Found  %:  C  71.07;  H  12.65.  M  109,  111.  C7Hi40.  Calculated  %:  C  71.17;  H  12.4.  M  114. 

The  2nd  fraction  was  dried  and  again  distilled  at  106— 108*  (749  mm),  ng  1.3940,  d®  0.8022  and  was  iso¬ 
butyl  alcohol.  The  yield  of  ether  (III)  was  51.6%. 

Hydrolysis  of  ct-methylvinyl  isobutyl  ether  was  carried  out  under  the  conditions  described  above.  We 
obtained  a  2,4-dinitrophenylhydrazone  with  m.p.  127". 

Synthesis  of  g- methylvinyl  isoamyl  ether  (IV).  Into  an  autoclave  of  capacity  0.5  liter  was  loaded  123  g 
(1.5  mole)  of  isoamyl  alcohol,  80  g(2  mole)  of  methylacetylene  and  37  g  of  potassium  hydroxide (20%).  The 
autoclave  was  heated  for  9  hours  at  240-250*.  After  cooling,  the  autoclave  to  room  temperature,  the  unreacted 
methylacetylene  was  collected.  We  recovered  2.7  g.  On  distilling,  we  collected  the  following  tractions:  1st- 
b.p.  121-127*  (751  mm),  88.8  g;  2nd- b.p.  127-132“  (751  mm),  17.7  g;  a  large  tarry  residue  remained  in  the 
distilling  flask  (44.2  g).  The  1st  fraction  was  washed  4  times  with  water,  dried  with  fused  potash  and  distilled 
a  second  time  on  a  column. 

B.p.  126-12r  (749  mm),  df  0.7771,  ng  1.4172,  mRd39.8;  calc.  40.3. 

Found  %:  C  76.32;  H  12.7.  M  124.  CjHijO.  Calculated^;  C  76.2;  H  12.4.  M  128. 

The  2nd  fraction  was  again  distilled  at  b.p.  130— 131*  (749  mm),  ng  1.4320,  d®  0.8104. and  was  isoamyl 
alcohol.  The  yield  of  the  ether  (IV)  was  50.7%. 
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Hydrolysis  of  ct- inethylvinyl  isoainyl  ether  was  carried  out 
under  the  conditions  described  above.  We  obtained  acetone  2,- 
4“dinitrophenylhydrazone  with  m.p.  127—129°, 

The  vinylation  of  ethylene  glycol.  Into  an  autoclave  of  ca¬ 
pacity  0.5  liter  was  loaded  124  g(  2  mole)  of  ethylene  glycol, 

100  g(  3  mole)  of  methylacetylene  and  32.4  g  of  potassium  hy¬ 
droxide  (  207c).  The  autoclave  was  heated  for  8  hours  at  170—175”, 
after  which  the  autoclave  was  cooled  to  room  temperature  and 
unreacted  methylacetylene  was  collected.  We  collected  5.7  g. 
The  reaction  mixture  was  distilled  on  a  Wood's  metal  bath  in  a 
flask  with  a  pear  condenser.  The  following  fractions  were  col¬ 
lected:  Ist-b.p.  70-94°  (751  mm),  1G6.8  g;  2nd-b.p.  91-93° 

(9  mm),  81.2  g.  A  large  tarry  residue (11.7  g)  was  left  in  the 
distillation  flask.  The  1st  fraction  was  dried  with  fused  potash 
and  after  treatment  with  metallic  sodium  had: 

B.p.  88.5-89°(749  mm),  no  1.3970,  df  0.9259,  MRp  25.01; 
calc.  25.37. 

Found  7o;  C  58.94;  H  9.77.  M  103.7,  105.  CgHjoGj.  Calcu¬ 
lated  7,:  C  58.8;  H  9.8.  M  102. 

The  2nd  fraction  with  b.p.  91-93°  (9  mm),nf5  1.4322,  d® 

1.116  was  unreacted  ethylene  glycol.  The  yield  of  the  cyclic 
ketal  of  ethylene  glycol  (If)  was  81. 3%. 

The  polymerizations  of  g-methylvinyl  ethyl  and  g- methyl- 
vinyl  isoalkyl  ethers  were  carried  out  in  a  three- necked  flask, 
fitted  with  a  mechanical  stirrer,  a  reflux  condenser  and  a  thermo¬ 
meter.  Into  the  flask  was  loaded  O.lr-0,2  mole  of  the  a-ether. 
After  cooling  tc  —15 to  — 26°,  O.OlSgofFeClsfb^o  dioxane  solution) 
was  added  with  vigorous  stirring.  Immediately  an  exothermal 
reaction  began.  The  reaction  mixture  then  thickened  up  and  the 
temperature  of  the  reaction  rose  to  0°.  Then  there  began  a  slow 
lowering  of  the  temperature  to  -15  to  -  17°;  at  this,  the  reaction 
was  complete.  The  polymer  obtained  was  soluble  in  ether  or 
acetone  and  was  precipitated  from  these  solutions  by  methanol. 
Decantation  separated  the  main  mass  of  the  solvent  from  the 
polymer,  after  which,  the  polymer  was  dried  to  constant  weight 
at  50-60°  in  vacuum  (20— 25  mm).  The  determination  of  the 
viscosity  jj  ( in  centipoises)  was  carried  out  at  20°  in  an  Ostwald 
viscometer.  The  results  of  the  experiments  and  the  properties 
of  the  polymers  obtained  are  given  in  the  table. 

SUMMARY 

1..  The  reaction  of  methylacetylene  with  isopropyl,  isobutyl 
and  isoamyl  alcohols  in  the  presence  of  potassium  hydroxide  pow¬ 
der  resulted  in  the  formation  of  the  corresponding  substituted 
vinyl  ethers  :  a-  methylvinyl  isopropyl,  isobutyl  and  isoamyl. 

2.  The  reaction  of  methylacetylene  vnth  ethylene  glycol  in 
the  presence  of  potassium  hydroxide  resulted  in  the  formation  of 
the  monovinyl  ether  of  ethylene  glycol,  which,  at  the  high  tem¬ 
perature  of  the  reaction,  was  isomerized  into  a  cyclic  ketal. 

3.  The  structure  of  the  a-  methylvinyl  isoalkyl  ethers  was 
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proved  by  hydrolysis  with  27o  H2SO4.  The  hydrolysis  products  were  isolated  and  characterized. 

4.  The  polymerization  conditions  were  found  for  a- methylvinyl  ethyi,  isopropyl  and  isobutyl  ethers  with 
FeCl3  catalysts (5%  solution  in  dioxane).  The  polymers  obtained  were  characterized. 
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CONFIGURATION  AND  PROPERTIES  OF  UNSATURATED 


ACIDS  AND  THEIR  DERIVATIVES 

VI.  THE  REACTIVITY  OF  STEROISOMERIC  CROTONIC 
ACIDS  AND  THEIR  ESTERS 

A.  K.  Plisov  and  A.  V.  Bogatsky 


One  of  us  had  shown  earlier  [1-5]  that  the  reactivity  of  geometrically  Isomeric  unsaturated  acids  depended 
essentially  on  their  structure.  The  acids  and  their  esters  behave  differently  on  hydrolysis,  oxidation  and  saponi¬ 
fication  depending  on  whether  they  have  a  cis-  or  trans- structure.  It  is  particularly  interesting  that  in  the  ma¬ 
jority  of  the  above  cases,  the  effect  of  the  size  of  the  alcohol  radical  on  the  reactivity  of  the  esters  was  also 
clearly  noticeable.  These  facts  are  in  agreement  with  the  data  found  in  the  literature  on  this  problem  and  ob¬ 
tained  independently  of  the  work  of  the  authors  of  this  article  [6-12]. 

As  the  above  facts  were  obtained  only  by  studying  such  acids  as  oleic,  elaidic,  petroselinic,  petroelaidic 
and  cis-  and  trans- cinnamic  acids,  it  seemed  extremely  interesting  to  study  stereoisomeric  crotonic  acids  as  the 
simplest  acids  in  the  series  of  monobasic  unsaturated  and  steroisomeric  acids. 

The  esters  of  crotonic  acids  have  not  been  studied  from  this  point  of  view.  In  connection  with  the  acids, 
themselves,  Paal  and  Schiedevitz  [9],  in  studying  the  hydrogenation  of  these  acids,  used  products  which  they 
themselves  said  were  not  completely  pure  and  their  work  ^ould  be  checked,  while  the  conditions  under  which 
the  experiments  were  carried  out  did  not,  according  to  us,  achieve  complete  equality  of  the  conditions  of  hydro¬ 
genation. 

Due  to  this,  we  decided  to  undertake  an  investigation  of  the  relation  of  the  reactivity  of  crotonic  acids  and 
their  esters  to  their  structures.  It  also  seemed  interesting  to  examine  the  effect  of  the  various  alcohol  radicals 
in  the  ester  group  on  this  process.  Besides  this,  we  hoped  to  settle  the  problem  of  the  structure  of  these  acids  as 
now,  after  the  recent  investigations  by  Nesmeyanov  [13]  which  showed  that  the  work  by  Auwers  and  Wissebach 
[14]  was  incorrect,  the  problem  of  proving  their  structure  chemically,  remained  unsolved. 

The  results  of  the  experiments  carried  out  were  in  full  agreement  with  those  data  which  were  obtained 
earlier  for  other  purposes.  It  was  shown  that  cis-  trans- isomeric  crotonic  acids  have  different  reactivity  in  reac¬ 
tions  at  the  double  bond.  Such  a  difference  is  wholly  in  agreement  with  the  concepts  of  steric  hindrance.  Cro¬ 
tonic  acid  with  m.p.  72*  (trans-isomer)  is  hydrogenated  more  slowly  than  isocrotonic  acid  with  m.p.  14*  (cis- iso¬ 
mer).  All  the  crotonic  esters  are  likewise  hydrogenated  more  slowly  than  the  corresponding  esters  of  isocrotonic 
acid. 

Such  a  difference  in  rates  may  be  explained  by  the  fact  that  in  the  case  of  the  trans- isomers  the  methyl 
radical  and  the  carboxyl  (or  ester)  group,  are  situated  on  opposite  sides  of  the  double  bond,  and  make  it  more 
difficult  for  the  reagents  to  reach  this  spot  than  in  the  case  of  the  cis- isomer  where  both  groups  are  situated  at 
one  side  of  the  plane  of  the  double  bond. 

EXPERIMENTAL 

Preparation  of  crotonic  acids  and  their  esters.  Trans- crotonic  acid  with  m.p.  17  was  prepared  by  us  by  the 
well-known  method  of  condensing  acetaldehyde  with  malonic  acid  in  the  presence  of  pyridine. 
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Cis-crotonic  acid ( isocrotonic  acid)  with  m.p.  14'  was  prepared  by  a  sodium  amalgam  reduction  of  6-chloro- 
Isocrotonic  acid,  which  in  its  turn  was  prepared  by  treating  acetoacetic  ester  wit  i  phosphorus  pentachloride.  In 
carrying  out  this  synthesis  we  succeeded  in  raising  the  yield  of  isocrotonic  acid  in  comparison  with  yields  re¬ 
ported  in  previous  papers  [15,  16],  The  pure  isocrotonic  acid  had  b.p.  bb-SG'i  5  min),  62^4* (10  mm),  m.p. 

14'  and  n”  1.4450. 

The  methyl  ester  of  crotonic  acid  was  prepared  by  normal  esterification,  by  heating  the  crotonic  acid  with 
anhydrous  methyl  alcohol  in  the  presence  of  concentrated  sulfuric  acid.  The  butyl,  isobutyl  and  isoamyl  esters 
of  crotonic  acid  were  prepared  by  a  similar  method. 

The  benzyl  ester  of  crotonic  acid,  which  had  not  been  described  previously  in  the  literature,  was  prepared 
by  heating  the  potassium  salt  of  crotonic  acid  for  several  hours  with  benzyl  chloride  in  anhydrous  methyl  alcohol 
[17].  The  ester  was  a  colorless  liquid  with  an  odor  reminiscent  of  mushrooms. 

Methyl  isocrotonate  was  prepared  by  reacting  the  silver  salt  of  isocrotonic  acid  with  methyl  iodide.  The 
butyl,  isobutyl  and  isoamyl  esters  of  isocrotonic  acid,  which  had  not  been  described  in  the  literature  previously, 
were  prepared  from  the  silver  salt  of  isocrotonic  acid  and  butyl,  isobutyl  and  isoamyl  bromides,  respectively. 
These  esters  were  colorless  liquids  with  pleasant,  flower- like  odors,  which  were  soluble  in  alcohol,  ether  and 
glacial  acetic  acid. 

The  benzyl  ester  of  isocrotonic  ester,  which  had  also  not  been  described  in  the  literature,  was  prepared 
similarly  to  the  benzyl  ester  of  crotonic  ester.  To  avoid  isomerization  by  heat,  the  temperature  of  the  bath  on 
which  the  potassium  crotonate  was  heated  with  benzyl  chloride  in  anhydrous  methyl  alcohol,  did  not  rise  above 
70*. 


TABLE  r 


Physical  Constants  of  the  Esters  of  Crotonic  and  Isocrotonic  Acids 


i 

1  Esters  of  crotonic 

1  acid 

Esters  of  isocrotonic  acid 

R 

boiling  point 

-  *0  ^ 
"/> 

boiling  point 

CH;,  .  .  .  . 

121° 

1.4230 

118° 

1.4175 

n  -C4Hfl  .  . 

178-180 

1.4283  j 

62  (  at  12  mm) 
80—83  (  at  42  mm) 

J  1.4280 

iso-C^Hn  . 

171 

1.4220  1 

56  (  at  8  mm) 
58  ( at  12mm) 

}  1.4185 

iso-CsH,,  . 

182—185 

1.4265 

74-76  (at  21mm) 

1.4250 

CnHsCH.,  . 

/  125  (at  5mm)l 
\  138  (  at  12mm)/ 

1.5180 

121—122  (at  10mm] 

1.5110 

The  ester  was  a  colorless  liquid  with  a  characteristic  odor,  reminiscent  of  mushrooms.  It  dissolved  in  alcohol, 
ether  and  glacial  acetic  acid. 

Hydrogenation  of  crotonic  acids.  For  hydrogenation,  equal  samples  of  the  crotonic  acids(  0.00058  mole), 
dissolved  in  anhydrous  ethyl  alcohol (4  ml)  were  placed  in  identical  vessels  for  hydrogenation (  "buckets"),  into 
which  had  been  placed,  equal  samples  of  the  catalyst—  palladium,  precipitated  on  BaS04(0.02  g  of  Pc^BaS04, 
which  corresponded  to  0.00052  g  of  metallic  palladium).  The  vessels  for  hydrogenation  with  the  samples  were 
placed  in  the  apparatus  for  shaking.  Hydrogen,  purified  by  a  suitable  method,  was  introduced  into  these  vessels 
under  slight,  identical  pressures. 

The  hydrogenation  of  the  acids  was  carried  out  at  two  temperatures  (11  and  22')  in  ethyl  alcohol  on  a  Pd 
catalyst  (see  Tables  2  and  3),  and  also  on  a  Pt  catalyst  at  22*  in  anhydrous  ethyl  alcohol  and  on  a  Pt  catalyst 
at  22'  in  glacial  acetic  acid  (see  Tables  4  and  $).  In  all  cases,  it  is  noticeable  that  the  isocrotonic  acid  is  hy¬ 
drogenated  appreciably  faster  than  the  crotonic  acid,  which  confirms  the  idea  of  the  cis-configuration  of  the  first 
and  the  trans-configiuation  of  the  latter. 
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TABLE  2 

Course  of  the  Hydrogenation  of  Cro- 
tbnic  and  Isocrotonlc  Acids  at  22“  on 
a  Palladium  Catalyst  in  Anhydrous 
Ethyl  Alcohol 


Time  (in 
minutes) 

Crotonic 

acid 

Isocrotonic 

acid 

H,  ab¬ 
sorbed 
Ho) 

APlit 

H,  ab¬ 
sorbed 

m 

10 

14.0 

1.4 

38.0 

3.8 

20 

21.6 

0.7 

67.6 

3.0 

40 

40.3 

0.7 

98.6 

2.4 

90 

62.0 

0.4 

100 

0 

120 

74.8 

0.4 

— 

— 

180 

97.1 

0.4 

— 

— 

240 

100 

0 

— 

— 

TABLE  3 

Course  of  the  Hydrogenation  of  Cro- 
tonic  and  Isocrotonic  Acids  at  11“  on 
a  Palladium  Catalyst  in  Anhydrous 
Ethyl  Alcohol 


Time  (in 
minutes) 

Crotonic 

acid 

Isocrotonic 

acid 

H,  ab' 
sorbed 
Ho) 

&P,M 

Hj  ab¬ 
sorbed 
Ho) 

CiPllLt 

10 

i 

6.8 

1 

0.7 

30.0 

3.0 

20 

9.8 

0.3 

60.5 

3.0 

40 

15.9 

0.2 

95.8 

1.3 

90 

25.8 

0.2 

100 

0 

120 

33.0 

0.14 

— 

— 

180 

40.1 

0.14 

— 

— 

240 

48.5 

0.14 

— 

— 

6f)0 

1  100 

1 

0 

i 

— 

TABLE  4 

Course  of  the  Hydrogenation  of  Cro- 
tonic  and  Isocrotonic  Acids  at  22“  on 
a  Platinium  Catalyst  in  Anhydrous  Ethyl 
Alcohol 


TABLE  5 

Course  of  the  Hydrogenation  of  Cro- 
tonic  and  Isocrotonic  Acids  at  22“  on 
Palladium  Catalyst  in  Glacial  Acetic 
Acid 


Time  (in 
minutes 

Crotonic 

acid 

Isocrotonic 

acid 

Hj  ab¬ 
sorbed 
Ho) 

Hjab- 

.sorbed 

Ho) 

iPIM 

10 

14.0 

1.4 

38.0 

3.8 

20 

20.0 

73.2 

3.7 

40 

38.0 

97.2 

90 

76.0 

0.7 

100 

120 

90.0 

— 

180 

97.2 

— 

— 

240 

100 

0 

— 

Time  (in 
minutes 

Crotonic 

acid 

Isocrotonic 

acid 

Hj  ab¬ 
sorbed 
Ho) 

1  iPiM 

^2  ab¬ 
sorbed 

1  Ho) 

1  iP'M 

10 

4.1 

1  27.5 

1 

1  2.7 

6.2 

0.2 

1  1-4 

40 

11.1 

0.2 

70.0 

1.4 

16.6 

0.1 

85.4 

120 

0.1 

■TiM 

0 

31.2 

0.1  1 

— 

— 

0.1 

— 

— 

780 

— 

— 

Hydrogenation  of  esters  of  crotonic  acids.  The  experiments  on  the  hydrogenation  of  the  esters  of  crotonic 
acids  were  carried  out  exactly  like  the  experiments  on  the  hydrogenation  of  the  acids  themselves,  using  equi- 
molecular  amounts  of  the  respective  esters  (0.00058  mole)  and  the  same  amounts  of  anhydrous  alcohol  and  Pd/ 
BaS04.  The  catalyst  was  first  saturated  with  hydrogen.  The  apparatus  in  which  the  esters  were  hydrogenated 
was  constructed  so  that  the  hydrogenation  of  5  pairs  of  esters  was  carried  out  at  the  same  time.  With  this  arrange 
ment,  the  experiments  were  carried  out  with  exactly  equal  conditions,  which  made  it  possible  to  arrive  at  con¬ 
clusions  on  the  effect  of  the  size  and  the  structure  of  the  alcohol  radical  on  the  course  of  the  reaction. 
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Esters  of  crotonic  acid  |  Esters  of  isocrotonic  aci 


In  Table  6  we  give  data  on  the  hydrogenation  of  the 
esters  of  both  acids  at  22°.  It  is  noticeable  that  the  effect 
of  the  size  of  alcohol  radical  is  shown  with  greater  clarity 
by  the  esters  of  the  trans'lsomeri  crotonic  acid)  than  by  the 
esters  of  the  cisHsomer  ( isocrotonic  acid).  In  all  cases  the 
esters  of  crotonic  acid  were  hydrogenated  more  slowly  than 
the  esters  of  isocrotonic  acid,  which  makes  it  possible  to 
ascribe  to  the  first,  a  trans-and  the  second  a  ci&-structure. 

SUMMARY 

1.  The  butyl,  isobutyl,  isoamyl  and  benzyl  esters  of 
isocrotonic  acid  and  benzyl  ester  of  crotonic  acid  were 
synthesized  and  their  properties  described. 

2.  The  difference  in  the  relative  hydrogenation  rates 
of  crotonic  and  isocrotonic  acids  was  established  ;  isocro¬ 
tonic  acid  adds  hydrogen  more  readily. 

3.  The  difference  in  the  relative  hydrogenation  rates 
of  esters  of  crotonic  and  isocrotonic  acids  was  estabiished; 
the  esters  of  isocrotonic  acid  add  hydrogen  more  readily. 

4.  It  was  shown  that  the  difference  in  hydrogenation 
rates  of  crotonic  and  isocrotonic  acids  still  remained  when 
the  reaction  was  carried  out  with  various  catalysts  (platinum, 
palladium),  in  various  solvents  (alcohol,  acetic  acid)  and 

at  various  temperatures. 

5.  It  was  established  that  an  increase  in  the  alcohol 
radical  in  the  ester  group  resulted  in  a  decrease  in  the  rel¬ 
ative  rate  of  hydrogen  addition,  furthermore,  this  difference 
was  made  more  noticeable  by  comparing  the  various  esters 
of  crotonic  acid. 

6.  The  difference  in  the  relative  hydrogenation  rates, 
confirmed  that  isocrotonic  acid  and  its  esters  have  a  cis- 
structure  and  crotonic  acid  and  its  esters  have  a  trans-struc¬ 
ture. 
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INVESTIGATION  IN  THE  FIELD  OF  CONJUGATED  SYSTEMS 
LXXII.  HYDROGENATION  OF  ALKENYLACETYLENES 

Kh.  V.  Balyan,  'a.  A.  Petrov  and  Yu.  I.  Porfiryeva 


In  hydrogenating  vinylalkylacetylenes(I)  over  colloidal  palladium,  the  addition  of  hydrogen  takes  place 
first  of  all  at  the  triple  bond  with  the  formation  of  diene  hydrocarbons:  however,  the  reaction  does  not  end  there 
and  a  large  portion  of  the  diene  hydrocarbons  undergo  further  hydrogenation  to  the  corresponding  olefins.  The 
curves  of  the  rates  of  hydrogenation  of  vinylalkylacetylenes  have  a  break  only  after  the  addition  of  2  moles  of 
hydrogen  [1]. 

It  seemed  interesting  to  study  hydrogenation  under  the  same  conditions  of  vinylacetylene  homologs  of  dif¬ 
ferent  structure  and  in  particular,  hydrocarbons  of  type  (II)  and  (III). 

R-C=C-CH=CH2  HC=C-CH=CH-R  HC-C-C=CH2. 

I 

R 

(I)  fin  (III) 


According  to  the  literature  data,  in  hydrogenating  one  of  the  hydrocarbons  of  tyf)e(Ill)—  isopropenylacetylene 
—  over  colloidal  palladium,  the  hydrogenating  rate  was  observed  to  change  somewhat  after  the  addition  of  one 
hydrogen  molecule  and  it  was  concluded  from  this  that  simultaneously  with  isopropenylacetylene,  isoprene  formed 
from  it  was  also  hydrogenated  to  a  certain  extent  [2].  Isoprene  was  obtained  in  good  yield  by  hydrogenating 
isopropenylacetylene  over  active  iron  under  pressure  [3]. 

Hydrogenation  over  colloidal  palladium.of  two  hydrocarbons  of  the  type  (II)—  propenylacetylene  (penten- 
-3-ine-D  and  butenylacetylene  (hexen-3-ine-I),  as  well  as  of  type  (III)—  isopropenylacetylene  (2- methylbuten- 
-I-ine-3),  which  we  carried  out  showed  that  a  considerably  greater  selectivity  exists  in  the  hydrogenation  pro¬ 
cess  in  the  case  of  vinylacetylene  hydrocarbons  with  a  terminal  acetylene  group  (II  and  in)  than  in  the  case  of 
vinylalkylacetylenes  ( I) . 

A  break  in  the  curve  of  the  hydrogenation  rate  of  propenyl-  and  butenylacetylenes  was  observed  in  the  region 
corresponding  to  the  absorption  of  1  mole  of  hydrogen  for  each  mole  of  alkenylacetylene.  These  homologs  differ 
little  in  hydrogenation  rates  which  are  considerably  less  than  those  of  vinylakylacetylenes(I). 

Isopropenylacetylene  is  hydrogenated  at  a  somewhat  greater  rate  than  propenylacetylene.  The  breaks  in 
the  curves  of  hydrogenation  rate  of  these  isomers  are  approximately  in  the  same  region. 

A  graphic  impression  of  the  hydrogenation  process  in  all  the  cases  investigated  may  be  obtained  by  examin¬ 
ing  the  figure. 

By  hydrogenating  propenyl- ,  isopropenyl-  and  butenylacetylene  with  a  ratio  of  1  mole  hydrogen  to  1  mole 
of  material,  the  corresponding  diene  hydrocarbons  are  mainly  formed.  Very  small  amounts  of  olefins  are  found 
in  the  reaction  products.  The  composition  of  the  hydrogenation  products  was  determined  by  the  ratio  between 
the  amount  of  di-  and  tetrabromides,  formed  when  these  products  were  brominated  in  chloroform.  As  the  di¬ 
bromides  were  obtained  in  very  small  amounts,  we  usually  collected  them  over  a  large  temperature  range  and 
did  not  subject  them  to  further  purification  from  the  small  traces  of  tetrabromides.  The  amount  of  the  latter  in 
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the  dibtomides  could  be  calculated  on  the  basis  of  analytical  data  for  bromine. 

The  isoprene  in  the  hydrocarbon  mixture  obtained  by  hydrogenating  isopropenylacetylene,  was  determined 
as  tetrabromide  and  by  its  condensation  product  with  maleic  anhydride.  The  yield  of  4- methyl-  A^-tetrahydro- 
phthalic  acid  was  about  80 (yo,  which  agrees  well  with  the  bromination  data. 

The  comparative  data  on  the  composition  of  the  hydrogenation  products  is  given  in  Table  1.  It  can  be  seen 
from  the  table  that  piperylene  and  hexadiene-1,3,  formed  by  hydrogenating  propenyl-  and  butenylacetylenes, 
underwent  further  hydrogenation  (to  olefins)  but  to  a  much  smaller  degree  than  the  same  hydrocarbons  obtained 
by  hydrogenating  vinylmethyl-  and  vinylethylacetylenes  under  the  same  conditions. 


m 
m 
m 

^1)0 
a 

■g  WO 
'%  90 
^SO 
^  70 
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The  dynamics  of  hydrogenation. 

1.  Vinylethylacetylene;  2.  vinylmethylacetylene; 

3.  isopropenylacetylene;  4.  propenylacetylene; 

5.  butenylacetylene. 

The  same  selectivity  existed  in  the  hydrogenation  of  acetylene  alcohols  with  a  terminal  acetylene  group  [4]. 

As  is  known,  the  ethylene  bond  is  hydrogenated  much  more  readily  than  the  acetylene  [5].  The  initial 
hydrogenation  of  the  acetylene  bond  in  the  case  of  vinylacetylene  hydrocarbons  is  due  to  the  heterogeneous 
character  of  the  reaction:  the  hydrocarbon  is  absorbed  on  the  catalyst  mainly  at  the  acetylene  bond. 

In  the  hydrogenation  of  hydrocarbons  of  type  ( II) 
and  (III),  all  the  surface  of  the  catalyst  with  the  capac¬ 
ity  of  absorbing  hydrocarbons,  appears  to  be  occupied 
by  acetylene  groupings  of  alkenylacetylenes  up  to  the 
moment  of  their  almost  complete  conversion  into  diene 
hydrocarbons.  Then,  this  surface  is  freed  and  the  hydro¬ 
genation  of  the  diene  hydrocarbons  proceeds  at  a  con¬ 
siderably  greater  rate. 

However,  inthecaseofvinylalkylacetylenes(I)  a 
lower  difference  in  the  capacity  for  absorption  on  palladium 
is  observed  between  the  original  materials  and  their  hydro¬ 
genation  products—  the  diene  hydrocarbons:  therefore,  both 
are  hydrogenated  and  the  hydrogenation  process  loses  its 
selectivity.  The  lower  tendency  for  absorption  on  palladium  of  vinylalkylacetylenes  (I)  in  comparison  with  that 
of  alkenylacetylenes  (II  and  III)  is  apparently  due  to  steric  hindrance. 


Hydrocarbon 

Found  in  hydrogen¬ 
ation  products  (%) 

diolefin 

olefin 

HC=C-CH-CH-CH ,  .  .  . 

90 

10 

HC=C-C--CH, . 

80 

20 

CH, 

CHi-C=C-CH-CH..  .  .  . 

65 

35 

HC=  C-CH=-CH-CH2-CH., 

90 

10 

CH3-CH2-ChC-CH=CH2  . 

45 

55 
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It  should  be  noted,  that  In  the  hydrogenation  of  vinylacetylene  hydrocarbons,  regardless  of  their  structure 
the  triple  bond  was  invariably  the  most  reactive.  In  other  reactions,  for  example  with  bromine,  there  are  con¬ 
siderable  differences  in  the  reactivity  of  these  hydrocarbons  :  alkenylacetylenes  of  type  (ID  add  bromine  at  the 
triple  bond’in  the  1,2-  and  1,4-position,  alkenylacetylenes  of  type(III)  and  vinylalkylacetylenes(D  add  bromine 
at  the  double  bond  [6].  In  the  latter  case,  the  reactivity  of  the  double  and  triple  bond,  apparently,  depends  on 
the  direction  of  the  displacement  of  the  electronic  plane  of  the  multiple  bonds  under  the  effect  of  radicals.  It 
is  possible  that  a  certain  increase  in  the  selectivity  of  hydrogenation  in  passing  from  isopropenylacetylene  to 
propenylacetylene  may  be  connected  with  this  phenomenon  of  electron  displacement  towards  the  acetylene 
group. 

EXPERIMENTA  L 

Propenyl-  and  butenylacetylenes  were  prepared  from  the  corresponding  alkylpropargylcarbinols  [7].  The 
latter  in  their  turn  were  prepared  from  propargyl  bromide  and  the  corresponding  aldehydes  by  the  Reformatsky 
reaction  [8]. 

For  the  work,  we  used  propenylacetylene  with  b.p.  46.5-47.5",  d®  0.7293,  n^  1.4348;  butenylacetylene 
with  b.p.  72-74",. df  0.7425,  n^l.4381. 

t  Literature  data  for  propenylacetylene  [7];  b.p.  46-48",  n^p  1.4356. 

Vinylalkylacetylenes  and  isopropenylacetylene  were  prepared  by  the  usual  method,  described  in  previous 
reports. 

Hydrogenation  of  Propenylacetylene 

a)  5.2  g  of  propenylacetylene  in  70  ml  of  methanol  in  the  presence  of  8  ml  of  colloidal  palladium  (  con¬ 
taining  1  mg  of  palladium  per  1  ml)  was  hydrogenated  until  it  had  absorbed  1.896  ml  of  H2(18",  754  mm), 
which  corresponds  to  1  mole  of  H2  to  1  mole  of  hydrocarbon. 

The  reaction  products  were  diluted  with  water,  the  hydrocarbons  distilled  off  together  with  water  and  alcohol, 
washed  with  a  saturated  solution  of  C&CI2  and  dried  over  CaClj.  The  yield  of  hydrogenation  products  was  4.8  g 
(927o  of  the  hydrocarbon  taken  for  hydrogenation).  In  all  operations,  measures  were  taken  to  eliminate  losses 
due  to  volatile  hydrocarbons. 

The  hydrogenation  product  had  :  B.p.  40-44",  dj®  0.6911,  np  1.4278. 

2.3  g  of  the  product  was  treated  with  excess  bromine  in  chloroform.  After  leaving  the  reaction  mixture 
overnight  (in  the  dark  and  at  a  low  temperature)  the  excess  bromine  was  washed  out  with  a  solution  of  sulfite, 
the  chloroform  was  distilled  off  on  a  column  in  vacuum  and  the  residue  was  cooled.  From  this  we  isolated  5.5 
g  of  crystalline  tetrabromide,  about  34^n  of  the  amount  of  the  mixture. 

On  distilling  the  liquid  part,  two  fractions  were  obtained:  1st— 72-75*  (20  mm),d4®  1.7052,  npl.5145,  1  g. 

Found  Br  71.50.  CjHjoBr  2.  Calculated  Br  69.49. 

2nd- 140-145"  (10  mm),  d^  2.3267,  nj  1.5927,  8.8  g. 

Found  <7o:  Br  81.75.  C5H8Br4.  Calculated  Br  82.43.  Residue  in  flask  —  2  g. 

The  crystalline  tetrabromide  melted  at  114"  after  recrystallization  from  methanol  and  did  not  depress  the 
melting  point  of  authentic  piperylene  tetrabromide. 

b)  To  determine  the  rate  and  the  character  of  the  process  of  the  complete  hydrogenation  .experiments  were 
carried  out  with  smaller  amounts  of  material.  The  hydrogen  was  measured  every  2  minutes.  The  results  of  one 
of  the  experiments  are  given  in  Table  2  in  a  shortened  form  and  in  the  figure  (curve  4),  where  along  the  ordinate 
is  plotted  the  amount  of  hydrogen  ( in  milliliters)  absorbed  for  equal  time  intervals,  plotted  along  the  abscissa. 

Hydrogenation  of  Butenylacetylene 

a)  4.1  g  of  butenylacetylene  in  100  ml  of  methanol  in  the  presence  of  10  ml  of  colloidal  palladium  was 
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hydrogenated  until  it  had  absorbed  1201  ml  of  hydrogen (18°,  772  mm),  which  corresponds  to  the  ratio-  hydro¬ 
carbon  ;  hydrogen  =  1:1.  The  reaction  products  were  treated  as  usual.  The  yield  was  3.5  g(85<yo). 

B.  p.  70-73°,  df  0.7071,  n^  1.4323. 


TABLE  2 


Time  (in 
minutes) 

6  1 

12 

18 

24 

30 

36  • 

42 

48 

54 

60 

V  (in  ml) 

29 

84 

146 

213 

295 

440 

691 

751 

775 

790 

Percentajje 
absorption  of 
hydrogen  ' 

2.5 

7.2 

12.5 

13.2 

25.2 

37.6 

59.1 

64.3 

66.3 

67.6 

Footnote.  1.089  g  of  propenylacetylene,  50  ml  of  methanol,  4  ml  of  colloidal 
palladium  (  1  mg  per  1  ml),  18°  (768  mm),  calculated  volume  of  hydrogen  y  (allowing 
for  3Ha)  1169  mn 

As  a  result  of  bromination  of  3.1  g  of  the  hydrogenation  products,  2  fractions  of  bromides  were  obtained. 

1st  up  to  100°  (5  mm),  d®  1.6333,  n®^  1.5138,  0.9  g. 

Found  Br  68.57,  68.61.  CgHijBr^.  Calculated  Br  65.51. 

2nd— 140-145°  (  5  mm)’,  10.5  g. 

Found  %:  Br  79.85,  79.99.  CgHioBr4.  Calculated  % ;  Br  79.56.  Residue  1.5  g. 

The  second  fraction  partially  crystallized  on  standing.  The  crystals  were  separated  off  the  liquid  part  and 
washed  with  cold  methanol.  The  yield  was  1.9  g(18'yo  of  the  amount  of  mixture).  The  m.p.  was  91.5°  (from 
methanol).  A  sample  mixed  with  authentic  tetrabromide  of  hexadiene-1,3  melted  at  the  same  temperature. 

b)  Data  on  the  rate  of  hydrogenation  of  butenylacetylene  are  shown  in  the  figure  (curve  5).  Conditions  of 
the  experiment :  0.9224  g  of  butenylacetylene,  18°,  768  mm,  calculated  volume  of  hydrogen  ( 3H3)  817.3  ml. 

Hydrogenation  of  Is o pro pe ny  1  a ce t y  1  e ne 

a)  8.97  g  of  isopropenylacetylene  in  120  ml  of  methanol  was  hydrogenated  in  the  presence  of  15  ml  of 
colloidal  palladium  until  it  absorbed  3202  ml  of  hydrogen (15°,  762  mm),  which  corresponds  to  the  ratio—  hydro¬ 
carbon  :  hydrogen  =  1:1.  The  yield  of  hydrogenation  products  was  7  g(80'yo). 

B.p.  30-33°,  d?  0.6813,  n®  1.4130. 

On  distilling  the  bromides,  prepared  from  6.1  g  of  the  hydrogenation  products,  two  fractions  were  isolated. 

lst-55-65°(12  mm),  d?  1.6830,  n^l.5140,  2.9  g. 

Found  yot  Br  69.65,  69.81.  CsH^Brj.  Calculated  Br  69.49. 

2nd-145-155°(  5  mm),  df  2.3570,  n^  1.6057,  21  g. 

Found  tyo:  Br  81.83.  C5HgBr4.  Calculated  % :  Br  82.43.  Residue  1.8  g. 

2.6  g  of  the  hydrogenation  product  of  isopropenylacetylene  was  heated  with  3.3  g  of  maleic  anhydride  in  a 
toluene  solution  at  1 20°  for  5  hours.  Then  the  greater  part  of  the  toluene  was  distilled  off  and  the  residue  was 
heated  on  a  water  bath  with  a  twofold  excess  of  \QP]o  sodium  hydroxide  solution  for  5  hours.  On  acidifying  the 
alkaline  solution  (to  congo  red),  4- methyl- A4-tetrahydrophthalic  acid  precipitated.  The  yield  was  5.9  g.  The 
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Time  (in  minutes) 

6 

12 

18 

24 

30 

36 

48 

54 

V  (in  ml) 

47 

139 

253 

384 

611 

809 

837 

845 

848 

Percentage  absorption 
of  hydrogen 

j  3.7 

11.0 

20.0  j 

30.4 

48.5 

64.1 

66.2 

67.0 

67.2 

Footnote.  1.137  g  of  isopropenylacetylene,  50  ml  of  methanol,  4  ml  of  colloidal 
palladium;  18' (743  mm),  calculated  volume  of  hydrogen  y  (3H^  1265  ml. 

Hydrogenation  of  Vinylmethyl-  and  Vinylethy lacetylenes 

Data  on  the  rate  of  hydrogenation  and  the  composition  of  the  hydrogenation  products  for  these  hydrocarbons 
has  already  been  published  [1].  In  the  figure  are  given  new  experimental  results,  obtained  with  the  same  sample 
of  catalyst  as  was  used  in  the  case  of  the  other  hydrocarbons  (curves  1  and  They  did  not  differ  in  principle 
from  the  data  already  published. 

SUMMARY 

1.  The  catalytic  hydrogenation  of  propenyl-,  isopropenyl-  and  butenylacetylenes  over  colloidal  palladium 
was  investigated. 

2.  It  was  shown  that  the  above  monosubstituted  acetylenes  (alkenylacetylenes)  are  hydrogenated  much  more 
selectively  than  disubstituted  acetylenes-  vinylalky lacetylenes,  and  give  a  high  yield  of  the  corresponding  diene 
hydrocarbons.  The  selectivity  of  the  process  is  higher  with  hydrocarbons  of  normal  structure. 

3.  A  possible  explanation  is  given  for  this  difference  in  behavior  in  the  catalytic  hydrogenation  of  vinyl- 
acetylene  hydrocarbons. 
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INVESTIGATIONS  IN  THE  FIELD  OF  DERIVATIVES  OF 
6-  DICARBONYL  COMPOUNDS 


I.  SYNTHESIS  OF  6-CHLOROVINYL  KETONES 
V.  T.  Klimko,  V.  A.  Mikhalev  and  A.  P.  Skoldinov 


0- Dicarbonyl  compounds  have  been  widely  applied  in  organic  synthesis  and,  in  particular,  in  the  prepara¬ 
tion  of  various  heterocyclic  compounds,  Acylacetaldehydes(RCOCHjCHO  [1,  20)  could  be  the  starting  materials 
for  the  synthesis  of  a  whole  series  of  heterocyclic  compounds  containing  alkyl  or  aryl  substituents  in  the  nucleus. 
However,  the  application  of  these  compounds  is  limited  due  to  their  instability  in  the  free  state,  relative  inac¬ 
cessibility  of  higher  homologs  and  low  yields  when  synthesized  [2].  As  has  been  shown  in  a  number  of  papers 
in  the  last  few  years,  0-chlorovinyl  ketones (RCOCH=CHCl),  which  may  be  considered  as  chloro  derivatives  in 
the  enol  form  of  acylacetaldehydes,  successfully  replace  6-acylacetaldehydes  in  the  synthesis  of  different  or¬ 
ganic  compounds  and,  furthermore,  make  possible  a  whole  series  of  syntheses,  which  could  not  be  carried  out 
before  or  only  with  great  difficulty  [3],  Due  to  this,  the  interest  in  6-chlorovinyl  ketones  has  greatly  increased 
recently.  Usually,  the  condensation  of  acid  chlorides  with  acetylene  [4]  or  with  vinyl  chloride  [5],  which  was 
more  accessible  and  convenient  for  laboratory  work,  in  the  presence  of  aluminum  chloride  was  used  for  the  syn¬ 
thesis  of  6-chlorovinyl  ketones.  The  synthesis  of  6"Chlorovinyl  ketones  from  acetylene  was  developed  in  very 
great  detail  and  perfected  by  A.  N.  Nesmeyanov,  N.  K.  Kochetkov  et  al.  [6],  its  synthesis  from  vinyl  chloride 
-  by  the  authors  of  this  paper  [7], 

In  carrying  out  the  first  experiments  on  the  condensation  of  acetyl  chloride  with  vinyl  chloride  in  the  pres¬ 
ence  of  aluminum  chloride  in  a  chloroform  medium,  we  obtained,  after  steam  distilling  the  reaction  mixture 
and  distilling  off  the  solvent,  a  liquid  product  which  distilled  at  74-76°  (100  mm),  and  when  stored  for  twenty- 
four  hours,  decomposed  with  the  splitting  off  of  hydrogen  chloride  and  formation  of  a  thick  blackish- brown 
liquid;  the  chlorine  content  of  this  product  exceeded  that  calculated  for  methyl  6"Chlorovinyl  ketone.  As  we 
assumed  that  the  high  chlorine  content  was  due  to  the  presence  in  the  product  of  traces  of  methyl  0 ,0-dichloro- 
ethyl  ketone,  we  decided  to  undertake  the  isolation  of  this  compound  in  a  pure  state.  By  decomposing  the  mix¬ 
ture  with  ice  and  rapidly  separating  the  chloroform  solution  of  the  reaction  products  from  the  water  layer,  we 
were  able  to  isolate  by  subsequent  distillation  in  vacuum  pure  methyl  0 ,0-dichloroethyl  ketone,  which  up  to 
now  had  been  a  hypothetical  intermediate  product  in  the  synthesis  of  methyl  6-chlotovinyl  ketone  from  vinyl 
and  acetyl  chloride  [3],  Although  this  compound  decomposed  rapidly  when  stored,  it  was  capable  of  existing  in 
the' free  state,  contradicting  the  opinion  held  by  Cotch  and  co-authors  [5],  When  heated  for  several  hours  with 
weak  bases(chalk,  sodium  bicarbonate,  etc.)  in  an  aqueous  medium,  methyl  0 ,0-dichloroethyl  ketone  split  off 
a  molecule  of  hydrogen  chloride  and  was  converted  into  methyl  6-chlorovinyl  ketone: 

CH3COCI  -H  CH2=CHCI  — ^  CH3COCH2CHCIJ 
CH3COCH2CHCI2  CH3C0CH=CHCI. 


The  latter,  in  a  pure  state,  turned  out  to  be  more  stable  and  could  be  stored  for  several  days  in  the  dark 
without  noticeable  decomposition.  Considering  the  instability  of  methyl  0 ,6-dichloroethyl  ketone,  we  did  not 
try  to  isolate  this  compound  or  its  homologs  as  individuals  in  the  following  experiments,  but  worked  out  a  pro- 


cedure  by  which  the  alkyl  8 ,8-dichloroethyl  ketone  could  be  converted  into  the  corresponding  8“Chlorovinyl 
ketone  without  its  preliminary  separation  from  the  reaction  solution.  By  this  metliod,  we  obtained  the  following 
in  yields  of  50-84‘’/o ( of  the  original  acyl  halides):  methyl,  ethyl,  propyl,  isobutyl  and  n-amyl  8“Chlorovinyl 
ketones. 

In  carrying  out  the  condensation  of  vinyl  chloride  with  benzoyl  chloride  and  its  derivatives,  we  discovered 
that  the  aryl  8 ,6-dichloroethyl  ketones,  formed  as  an  intermediate  product,  are  considerably  more  stable  than 
their  aliphatic  analogs.  Phenyl,  p-nitrophenyl  and  p- methoxyphenyl  8 ,B"dichloroethyl  ketones  were  prepared. 
The  conditions  under  which  the  condensation  for  obtaining  the  first  two  compounds  was  carried  out  were  the 
same  as  for  the  synthesis  of  compounds  of  the  aliphatic  series.  The  yields  were  71  and  67%  respectively.  We 
were  unable  to  prepare  the  corresponding  8  iB-dichloroethyl  aryl  ketone  by  the  reaction  of  p-methoxybenzoyl 
chloride,  with  vinyl  chloride  in  tlie  presence  of  anliydrous  aluminum  chloride,  apparently,  due  to  the  methoxyl 
group  becoming  involved  in  the  reaction.  However,  using  a  solution  of  anhydrous  aluminum  chloride  in  nitro- 
methane  [8]  as  condensing  agent,  we  were  able  to  prepare  p- methoxyphenyl  8  .S"dichloroethyl  ketone  in  a  yield 
more  than  60%. 

The  aryl  8,8"dichloroethyl  ketones  obtained  were  quite  stable  when  stored  and  only  split  off  hydrogen 
chloride  very  slowly  when  boiled  with  aqueous  solutions  of  sodium  bicarbonate  or  carbonate.  The  aryl8f8""di- 
chloroethyl  ketones  were  converted  most  readily  into  the  corresponding  8“Chlorovinyl  ketones  by  reacting  the 
former  with  trialkylamines,  for  example,  with  triethylamine  : 


RCOCHaCHClo -f- NfC.H,);,  — >  RCOCH  -CHCl -*-(C2H5)aN  •  HCI. 


The  splitting  off  of  hydrogen  chloride  took  several  minutes  after  a  solution  of  triethylamine  in  an  organic 
solvent  was  added  to  a  solution  of  the  8 .6-dichloroethyl  ketone  in  the  same  solvent.  When  the  order  of  addition 
was  reversed  or  when  an  excess  of  triethylamine  was  introduced,  besides  the  splitting  off  of  hydrogen  halide,  a 
side  reaction  occurred:  the  reaction  of  6-chlorovinyl  ketone  with  triethylamine  to  form  a  quaternary  ammonium 
base.  * 

Although  the  second  stage  of  the  reaction  proceeded  more  slowly  than  the  first,  its  rate  was  sufficient, 
when  a  large  excess  of  triethylamine  was  added,  for  a  quantitative  argentometric  determination  of  chlorine  in 
the  8i8"dichloroethyl  and  8  -chlorovinyl  ketones.  This  reaction  made  possible  the  quantitative  determination 
of  the  amount  of  aryl  8.0  -dichloroethyl  ketones  in  the  reaction  solutions  and  made  possible  the  preparation  of 
aryl  8  -chlorovinyl  ketones  without  the  intermediate  separation  of  the  dichlorides  in  the  pure  state.  We  used 
the  preparation  of  o-bromophenyl  8 -chlorovinyl  ketone  as  the  example  of  this  type  of  synthesis. 

EXPERIMENTAL 

Methyl- 6 ,8-dichloroethyl  ketone.  With  external  cooling  and  stirring  ( temperature  10—15°),  66.5  g  of  anhy¬ 
drous  aluminum  chloride  was  added  to  a  solution  of  39  g  of  acetyle  chloride  in  50  ml  of  cholorform.  Over  a 
period  of  1.5—2  hours  vinyl  chloride,  prepared  from  119  g  of  dichloroethane  and  potassium  hydroxide  in  aqueous 
alcohol  solution  [10],  was  passed  through  the  mixture  at  24—26°,  after  which  stirring  was  continued  for  a  further 
10  minutes.  Then  the  reaction  mixture  was  poured  onto  crushed  ice,  the  chloroform  layer  was  separated,  dried 
for  2  hours  over  calcium  chloride  and  quickly  distilled  in  vacuum.  We  obtained  40  g  of  a  substance  (  50%,  cal¬ 
culated  on  acetyl  chloride).  The  colorless  liquid  with  a  sharp  odor  liberated  hydrogen  chloride  and  on  standing 
fot'two  days  was  converted  into  a  black,  solid,  spongy  mass. 

B.p.  60-62f  (8  mm),  n^^l.4571,  d|"  1.242. 

Found  %:  Cl  50.12.  C^HgOClj.  Calculated  %:  Cl  50.35. 

Methyl  8 -chlorovinyl  ketone.  24  g  of  methyl  8 ,0- dichloroethyl  ketone  was  mixed  with  10  g  of  calcium 
carbonate  and  100  ml  of  water.  The  mixture  was  boiled  for  2  hours  under  reflux,  cooled,  filtered,  the  methyl 
8 -chlorovinyl  ketone  extracted  with  chloroform  and  the  chloroform  layer  dried  and  distilled  in  vacuum.  We  ob¬ 
tained  12.7  g(67'yc)  of  a  substance  with  a  solidifying  point  of  8.7°.  On  standing  for  a  week  out  of  the  light  at  a 


*N.  K.  Kochetkov  and  A.  Ya.  Khorlin  obtained  salts  of  trialkylketoalkenylammonium  at  the  same  time  as 
we  did;  therefore,  we  carried  out  their  isolation  and  further  investigation  together  [9]. 
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temperature  of  12-14',  the  substance  acquired  a  brown  color,  but  did  not  liberate  hydrogen  chloride  and  distilled 
in  vacuum  without  decomposition. 

B.p.  40*  (15  mm),  np  1.4691,  dj*  1.122.  Literature  data  [4]:  b.p.  38-39*  at  18  mm,  n^  1.4683. 

Found  <7o»  Cl  34.10.  C4H5OCI.  Calculated  :  Cl  33.97. 

Ethyl  6 “chlorovinyl  ketone.  A  current  of  vinyl  chloride,  prepared  from  59  g  of  dichlorethane,  was  passed 
through  a  mixture  of  23  g  of  propionyl  chloride,  50  ml  of  chloroform  and  33  g  of  anhydrous  aluminum  chloride 
over  a  period  of  2  hours.  After  the  end  of  the  reaction  and  the  decomposition  with  ice,  the  chloroform  layer 
was  washed  with  water  and  then  refluxed  with  a  mixture  of  8  g  of  sodium  bicarbonate  and  25  ml  of  water.  During 
the  time  of  heating,  every  30  minutes  a  sample  was  taken  and  the  chlorine  content  determined  by  a  Mohr  or 
Volhard  titration.  The  spllttmg  out  of  hydrogen  chloride  was  considered  complete  when  two  subsequent  deter-' 
minations  gave  the  same  chlorine  content  in  the  aqueous  solution  (  usually  after  4-5  hours).  The  chloroform  layer 
was  separated,  dried  over  sodium  sulfate  and  distilled  in  vacuum.  We  obtained  15  g(50.7%  calculated  on  the 
propionyl  chloride)  of  ethyl  0- chlorovinyl  ketone.  It  was  a  colorless  liquid. 

B.p.  48-61*  (15  mm),  ng  1.4610,  df  1.0910.  Literature  data  [6]:  b.p.  65-68’ (27  mm),  nBl.4696.  d?1.0702. 

Founder  Cl  30.29.  C5H7OCI.  Calculated  ^ ;  Cl  29.95. 

Similarly  we  prepared: 

Methyl  fl- chlorovinyl  ketone  (yield  84%). 

Propyl  g- chlorovinyl  ketone  (yield  73.5%). 

B.p.  57-69*  (12  mm),  n^  1.4620,  d?  1.0520.  Literature  data  [6]:  b.p.  56-5r  (12  mm),  ni3l.4640,  df 

1.0396. 

Found  %:  Cl  26.90  ,  26.72.  CgHgOCl.  Calculated  %:  Cl  26.79. 

Isobutyl  g-chlorovinyl  ketone  (yield  65.7%). 

B.p.  62-63"  (12  mm),  ng  1.4578,  df  1.0124.  Literature  data  [6]:  b.p.  64-65*  (12  mm),  ng  1.4590,  df 

1.0117. 

Found  %:  Cl  24.38  ,  24.24.  CyHiiOCl.  Calculated  %:  Cl  24.23. 

n-Amyl  g-chlorovinyl  ketone  (yield  59.9%). 

B.p.  76-7r  (7  mm),  ng  1.4620,  df  1.0157.  Literature  data  [11]:  b.p.  87-e8*(12  mm),  n®  1.4615,  df 
0.9960. 

Found  %:  Cl  22.24,  21.97.  CgHijOCl.  Calculated  %:  Cl  22.11. 

Phenyl  g-chlorovinyl  ketone  (yield  63.7%). 

B.p.  120-123"  (10  mm),  nf,  1.5770,  df  1.2080.  Literature  data  [12]:  b.p.  1 25-1 2r  (18  mm),  ng  1.5742. 

p- Nitrophenyl  g,g-dichloroethyl  ketone.  Into  a  solution  of  18.5  g  of  p- niuobenzoyl  chloride  in  100  ml 
of  dichloroethane  at  20—25*  13.3  g  of  anhydrous  aluminum  chloride  was  gradually  introduced  over  an  hour,  while 
at  the  same  time  a  stream  of  vinyl  chloride,  prepared  from  15  g  of  dichloroethane,  was  passed  through.  At  the 
end  of  the  addition,  the  vinyl  chloride  was  passed  for  a  further  1.5—2  hours,  while  the  temperature  of  the  reaction 
mixture  rose  oh  its  own  to  40-45".  The  reaction  mixture  was  poured  onto  ice,  the  dichloroethane  layer  was  sepa¬ 
rated  and  to  remove  the  unreacted  prnitrobenzoyl  chloride,  it  was  boiled  under  reflux  for  2  hours  after  adding 
100  ml  of  10%  sodium  bicarbonate  solution.  The  dichloroethane  solution  was  again  separated  and  dried  over 
calcium  chloride,  the  dichloroethane  was  distilled  off  and  the  residue  was  recrystallized  from  benzene.  We  ob¬ 
tained  16.3  g(65.7%)  of  p- nitrophenyl  g  ,g-dichloroethyl  ketone,  which  was  light  yellow  needles  with  m.p.  81*. 
The  substance  was  readily  soluble  in  most  organic  solvents. 
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Found  Cl  28.45,  28.39.  CjHtOjNCIj.  Calculated  <7o  i  Cl  28.62. 

p-Nltrophenyl  fl-chlorovinyl  ketone.  With  stirring  a  solution  of  4.0  g  of  triethylamine  in  20  ml  of  ether 
was  gradually  added  over  a  period  of  10  minutes  to  a  solution  of  10.0  g  of  p-nitrophenyl  6,0-dichloroethyl  ke¬ 
tone  in  80  ml  of  absolute  ether,  cooled  to  10*.  The  mixture  was  left  for  2  hours,  the  precipitate  of  triethylamine 
hydrochloride  filtered  off,  the  ether  evaporated  off  under  water  pump  vacuum  and  the  residue  recrystallized  from 
petroleum  ether.  We  obtained  7.5  g(87.8‘7o)  of  p-nitrophenyl  6-chlorovinyl  ketone,  which  was  light  yellow 
needles  with  m.p.  88—89*.  Literature  data  [13];  88.5-89*. 

Found  <7o:  Cl  16.58,  16.40;  N  6.47,  6.57.  CjHeOaNCl.  Calculated  <7o :  Cl  16.70;  N  6.58. 

p-Methoxyphenyl  8 ,8-dichloroethyl  ketone.  A  solution  of  8  g  of  aluminum  chloride  in  15  ml  of  nitro- 
methane  was  gradually  added  to  a  solution  of  8.7  g  of  anisoyl  chloride  in  100  ml  of  dichloroethane,  while  at 
the  same  time  vinyl  chloride,  prepared  from  49.5  g  of  dichloroethane  was  passed  through.  The  reaction  mix¬ 
ture  was  poured  onto  ice,  the  dichloroethane  layer  separated  and  boiled  for  30  minutes  with  200  ml  of  a  2.5% 
solution  of  sodium  bicarbonate.  Again  the  dichloroethane  layer  was  separated,  the  dichloroethane  distilled  off 
and  the  residue  extracted  with  j>etroleum  ether.  The  petroleum  ether  was  distilled  off  and  the  residue  recrystal¬ 
lized  from  light  petroleum  ether.  We  obtained  5.7  g(48.9%)  of  the  substance.  It  was  colorless  prisms  with  m.p. 
58*. 


Found  %;  Cl  30.00  ,  30.29.  CwHioOzClj.  Calculated  %:  Cl  30.15. 

p-Methoxyphenyl  fl-chlorovinyl  ketone  was  prepared  from  p- methoxyphenyl  6 ,0-dicholoroethyl  ketone 
as  above.  The  yield  was  61-.2%.  It  formed  colorless  prisms  (from  petroleum  ether)  with  m.p.  50®  [13]. 

Found  %:  Cl  18.38,  18.18.  CioHjOjCl.  Calculated  %;  Cl  18.06. 

o-Bromophenyl  g-chlorovinyl  ketone.  With  stirring  a  solution  of  14.7  g  of  aluminum  chloride  in  20  ml 
of  nitromethane  was  gradually  added  over  a  period  of  1  hour  to  a  solution  of  24.1  g  of  o-bromobenzoyl  chloride 
in  100  ml  of  dichloroethane,  while  a  stream  of  vinyl  chloride  was  passed  through  the  reaction  mixture  and  then 
it  was  passed  for  a  further  hour,  after  which,  the  reaction  mixture  was  poured  onto  ice.  The  dichloroethane  solu¬ 
tion  was  separated  off  and  dried  over  calcium  chloride  and  a  1  ml  sample  was  taken,  dissolved  in  5  ml  of  ether 
and  added  to  2  ml  of  triethylamine.  After  4  hours  the  sample  was  diluted  with  59  ml  of  water,  acidified  with 
2  N  nitric  acid  and  a  Volhard  titration  carried  out  for  chlorine  (1  ml  of  0.1  N  silver  nitrate  solution  corresponded 
to  0.0145  g  of  o-bromophenyl  fl,B-dichloroethyl  ketone).  The  calculated  yield  of  o-bromophenyl  8 ,6-dicholor- 
ethyl  ketone  was  14  g(45.3%).  The  dichloroethane  was  distilled  off.  The  residue  was  dissolved  in  100  ml  of 
absolute  ether  and  5  g  of  triethylamine  was  added  to  it.  After  2  hours  the  precipitate  of  triethylamine  hydro¬ 
chloride  was  filtered  off,  the  ether  distilled  off  and  the  residue  treated  as  in  previous  experiments.  We  obtained 
11.5  g(42.9%.  calculated  on  o-bromobenzoyl  chloride)  of  o-bromophenyl  B-chlorovinyl  ketone  as  colorless 
fine  prisms  (from  petroleum  ether)  with  m.p.  50*  [13]. 

SUMMARY 

1.  A  method  has  been  perfected  for  the  preparation  of  B“chlotovinyl  ketones  by  the  condensation  of  acid 
chlorides  of  carboxyiic  acids  with  vinyl  chloride  and  the  application  of  this  synthesis  has  been  enlarged. 

2.  The  intermediate  products  of  this  synthesis—  B,6"dichloroethyl  ketones  have  been  isolated  and  charac¬ 
terized  for  the  first  time. 
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MYRCENE  MONOXIDE  IN  GRIGNARD  SYNTHESIS 


G.  V.  Plgulevsky  and  N.  A.  Adrova 


We  recently  showed  [1,  2]  that  due  to  the  different  reactivity  of  the  double  bonds  it  is  possible  to  synthesize 
myrcene  monoxide  and  dioxide.  In  this  paper  we  describe  the  products  of  the  reaction  of  methylmagnesium 
iodide  with  myrcene  monoxide. 

The  formation  of  the  corresponding  tertiary  alcohol  was  to  be  expected  in  the  normal  course  of  the  reaction; 
however,  we  were  able  to  isolate  only  a  hydrocarbon  with  the  composition  as  a  result  of  this  reaction. 

Apparently,  an  alcohol  was  also  formed;  however,  as  a  result  of  rapid  polymerization,  a  large  portion  of  the  pro¬ 
duct  turned  brown  and  was  converted  into  a  tar- like  mass.  We  ascribed  the  structure  2,3- dimethyl- 6- methylen- 
octadiene-2,7(II)  to  the  myrcene  homolog  synthesized. 

Two  lines  with  the  frequencies  Av  1636  and  1674  cm  ^  were  present  in  the  combination  scattering  spectrum. 
The  line  with  the  frequency  Av  1636  cm  ^  which  was  quite  intense,  we  considered  was  due  to  the  conjugated 
system  of  double  bonds,  in  analogy  with  myrcene  [2],  As  for  the  line  with  the  frequency  Av  1674  cm'^,  it  is 
characteristic  [3]  of  a  secondary- tertiary  double  bond  and  is  somewhat  higher  *  than  that  of  a  tertiary- tertiary 
double  bond. 

The  higher  frequency  of  A  v  could  be  explained  in  our  case  as  due  to  the  effect  of  the  methyl  group.  Act¬ 
ually,  lines  with  somewhat  higher  frequencies,  A  v  1679  and  1676  cm  are  characteristic  of  trimethylethylene 
and  tetramethylethylene  [4]. 

The  presence  of  the  isopropylidene  group  in  the  hydrocarbon  synthesized  by  us  was  confirmed  by  the  production 
of  large  amounts  of  acetone  (0.76  mole)  on  ozonolysis.  Apparently,  the  hydrocarbon  CiiHi,  was  formed  as  a  re¬ 
sult  of  the  dehydration  of  alcohol  (0  synthesized  in  the  Grignard  reaction. 


H,C 


®^\c^^-^H-CH2-CH2-C-CH=CH2  — 
OH 

HsCv  I  — H,0 

>C-CH-CH2-CH2-C-CH=CH2  — ^ 
HnC/  I  II 


CH, 


in. 


(I) 


H;,C. 


— ^  '>C=CH-CH2-CH2-C-CH=CH2 

in,  !!:h2 


(It) 


To  elucidate  the  behavior  of  myrcene  monoxide  in  a  Grignard  reaction,  we  decided  to  carry  out  the  same 
reaction  with  the  saturated  monoxide,  since  under  these  conditions  we  considered  that  the  effect  of  the  conjugated 
system  of  double  bonds  would  be  eliminated.  We  hydrogenated  the  monoxide  in  the  presence  of  platinum  black. 
Tetrahydromyrcene  oxide  when  treated  with  methylmagnesium  iodide  gave  mainly  an  unsaturated  hydrocarbon 

♦A  line  with  a  frequency  of  A»  1,666  cm  *  is  characteristic  of  a  tertiary- tertiary  double  bond. 
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CjiH2i.  Apparently,  the  anomalous  procedure  of  the  Grignard  reaction  was  not  due  to  the  conjugated  system. 

A  more  thorough  study  of  the  problem  that  we  have  touched  upon  would,  without  doubt,  clarify  the  mechanism 
of  the  reaction. 


EXPERIMENTAL 

The  reaction  of  myrcene  monoxide  with  methylmagnesium  iodide.  The  myrcene  monoxide  was  synthesized 
from  myrcene,  prepared  by  the  dehydration  of  linalool.  Another  sample  of  myrcene,  which  was  used  for  the 
synthesis  of  the  monoxide,  was  isolated  .from,  rosemary  oil  (Ledum  palustre).  It  gave  the  same  results  as  the 
myrcene  from  the  linalool. 

An  ether  solution  of  methylmagnesium  iodide  was  added  in  small  portions  to  100  g  of  myrcene  monoxide, 
dissolved  in  1.5  liters  of  ethyl  ether.  Despite  the  fact  that  the  reaction  was  carried  out  with  cooling,  the  solu¬ 
tion  heated  up  strongly.  Then  the  reaction  mixture  was  treated  with  dilute  hydrochloric  acid  with  cooling.  The 
ether  was  distilled  off  from  the  dried  ether  solution  and  the  residue  was  distilled  in  vacuum.  The  1st  fraction 
distilled  at  49-50*  (6  mm).  On  further  raising  the  temperature,  the  residue  in  the  flask  foamed  up  vigorously, 
quickly  turned  brown  and  polymerized.  As  a  result  of  this,  we  used  a  higher  vacuum  in  a  subsequent  experiment. 
However,  in  this  case  the  residue  in  the  flask  amounted  to  57%  of  the  myrcene  monoxide  used  in  the  reaction. 

On  distilling,  we  obtained  the  following  fractions;  lst-44“  (4mm),  35  g;  2nd- 50-68" (0.1  mm)  8  g;  residue 
57  g. 

In  the  2nd  fraction  was  found  50%  of  alcohols  by  theChugaev  — Tsaevetinovmefliod,  An  attempt  to  isolate 
the  alcohols  by  means  of  the  borates  did  not  give  positive  results. 

The  1st  fraction  corresponded  to  2,3- dimethyl-6- methylen-octadiene- 2,7;  d®  0.8095,  n?)  1.4740,  MRp 
52.08.  CiiHigps.  calc.  51.50. 

Found  %;  €  87.69  ,  88.28;  H  11.87,  11.96.  M  147.1,  144.3.  CnHig.  Calculated  %;  C  88.00;  H  12.00. 

M  150. 

Combination  light  scattering  spectrum  of  the  hydrocarbon  CyHig;  Avi  692(1),  805(1),  905(1),  1062(1), 
1105(1),  1151(1),  1206(1),  1236(1),  1294(4),  1328  (  2),  1379(1),  1414(1),  1460(1),  1636(10),  1674(4),  2777 
(2),  2848(1),  2-924(1). 

For  ozonization  of  the  hydrocarbon  CjjHig,  we  used  5  g  of  the  substance  in  50  ml  of  chloroform.  The  ozon- 
ization  was  continued  until  the  ozonized  substance  no  longer  decolorized  bromine  water.  The  chloroform  was 
distilled  off  in  vacuum  and  the  ozonide  decomposed  by  boiling  with  50  ml  of  water  for  3  hours.  Then  3  ml  of 
5%  hydrogen  peroxide  was  added  and  the  reaction  mixture  again  boiled  for  1  hour.  To  remove  the  excess  hydro¬ 
gen  peroxide,  the  solution  was  heated  with  platinum  gauze  until  it  gave  a  negative  reaction  with  KI.  After 
neutralization  with  soda,  the  solution  was  distilled.  In  all  we  obtained  64  ml  of  distillate,  in  which  the  acetone 
was  determined  by  Messinger’s  method.  From  1  mole  of  hydrocarbon  we  obtained  0.76  mole  of  acetone. 

For  the  catalytic  hydrogenation  of  myrcene  monoxide,  we  used  20  g  of  myrcene  monoxide  and  2  g  of  plati¬ 
num.  The  amount  of  hydrogen,  sufficient  to  saturate  two  double  bonds  was  5895  ml(0",  780  mm).  In  the  hydro¬ 
genation,  5600  ml  of  hydrogen  was  used.  After  distilling  the  hydrogenation  products,  17  g  of  tetrahydromyrcene 
monoxide  was  isolated. 

B.p.  65-66"  (23  mm),  d?  0.8321,  n^)  1.4278,  MRd  48.21;  calc.  47.82. 

Found  %;  €  77.02,  77.13;  H  12.81,  12.96.  CioHgoO.  Calculated  %;  C  76.92;  H  12.82. 

Combination  light  scattering.  Avi  229(1),  309(1),  367(1),  446(1),  454(1),  680(4),  738-753(1),  798- 
823(1),  861(1),  913(1),  969(1),  1041(  1  broad),  1098(1),  1140(1),  1192(1),  1245(0),  1317(1),  1377  (1), 
1422-1461  (2),-29l7  (4  broad),  2964  (4  iwoad). 

The  reaction  of  tetrahydromyrcene  monoxide  with  methylmagnesium  iodide.  An  ether  solution  of  methyl¬ 
magnesium  iodide  was  added  to  an  ether  solution  of  hydrogenated  myrcene  monoxide  (35  The  reaction  con¬ 
ditions  were  the  same  as  in  the  case  of  myrcene  monoxide.  In  contrast  to  the  latter,  the  reaction  did  not  heat 
up  noticeably.  The  reaction  products  were  distilled  in  vacuum;  this  yielded  the  following  fractions;  1st- 40-4 2? 

(  14  mm),  10  g,  2nd-  40-42’  (0.2  mm),  5  g  of  colored  product. 
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The  1st  fraction  apparently  corresponded  to  2,3,6-triniethyloctene-2;  d®  0.7640,  1.4360,  MRp  52.69. 

^  •  calc.  52.53. 

Founder  85.37,85.54;  H  14.62,  14.37.  C11H22.  Calculated C  85.71 ;  H  14.28. 

SUMMARY 

The  reaction  of  myrcene  monoxide  with  methylmagnesium  iodide  gave  a  hydrocarbon  with  .structure 

of  2,3“ dimethyl-  6-  methylen-octadiene-  2,7. 

The  reaction  of  tetrahydrohiyrcene  monoxide  with  methylmagnesium  iodide  gave  a  hydrocarbon  €^21122. 
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A  NEW  TYPE  OF  TERPENE  REACTION 
XVn.  THE  ACTION  OF  CHLORINE  ON  w-CHLOROCAMPHENE 

D.  Tishchenko  and  T.  Prokhorchuk 


It  was  shown  earlier  that  in  the  reaction  of  chlorine  with  camphene  the  "anomalous"  reaction  of  M.  D.  Lvov 
had,  in  comparison  with  other  terpenes,  the  smallest  relative  weight  (~50),  and  that  three  chloroierpenes  and 
2,10-dichlorocamphane  were  produced  [1,  2], 

Bredt's  prohibition  hinders  the  course  of  the  "anomalous"  reaction,  therefore,  besides  the  expected  chloro- 
tetpene(I),  two  others,  (II)  and  (III),  are  formed; 


If  our  hypotheses  on  the  mechanism  of  M.  D.  Lvov’s  reaction  are  correct,  then  the  relative  weight  of  the 
"anomalous"  reaction  should  be  higher  in  the  chlorination  of  ai~chlc»rocamphene  than  in  the  case  of  camphene, 
as  the  negative  inductive  action  of  the  chlorine  atom  would  strengthen  the  polarization  necessary  for  the  ano¬ 
malous  reaction  of  the  double  bond.  Furthermore,  it  was  necessary  to  ftnd  out  whether  dichloroterpene(IV),  a 
homolog  of(l),  would  be  formed  by  this  reaction  with  the  breakdown  of  Bredt's  prohibition: 


(HI) 


Cli 


5E 


(M 

(V) 

(VI) 


The  purpose  of  this  paper  was  to  clarify  these  questions.  The  first  hypothesis  was  confirmed;  the  "anomalous" 
reaction  proceeded  with  a  yield  of  not  less  than  63%.  In  the  mixture  of  dichloroterpenes  39%  of  the  total  con¬ 
tent  isolated  was  saponifiable  chlorine.  As  the  acetate  of  the  enol  of  chlorocamphenylane  aldehyde  (see  below) 
was  formed  by  the  reaction  of  the  dichloride  (IV)  with  potassium  acetate,  then 
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the  content  of (IV)  In  the  mixture  was  not  less  than  78%.  The  calculated  amount  of  acetic  acid  and  chloroalde- 
hyde  were  obtained  by  saponifying  the  ester  of  the  chloroenol.  The  noiiablllty  of  the  chlorine  atom  In  the 
chloroenol  ester  and  In  the  chloroaldehyde  was  due  to  its  situation  at  the  head  of  the  bridge  [3],  The  structure 
of  (IV)  was  not  definitely  proved  but  seems  extremely  probable  on  the  basis  of  the  reactions  described. 

EXPERIMENTA  L 

For  the  chlorination  we  used  the  inert  chloride  of  camphene,  containing  not  less  than  80%  of(III)»  prepared 
earlier  by  chlorinating  camphene  [1].  The  substance  (ID  did  not  react  with  chlorine  under  the  reaction  conditions 
we  chose.  Constants  of  the  chloride  j  d*  1.025,  1.4985.  The  chlorination  was  carried  out  under  the  con¬ 

ditions  described  earlier [1]  The  percent  of  "anomalous*  reaction  was  63.3  in  one  experiment  and  69.5  in  another. 
A  liquid  fraction  of  the  dichlorides(b.p.  110-T12f’  at  12  mm)  was  obtained  by  distilling  the  reaction  product. 

For  it  we  found: 

dj  1.156,  n^l.5124,  MRd53.25j  calc.  53.25. 

Found  %:  C  58.2|  H  7.4}  Cl  32.5,  32.5.  CioH^Clj.  Calculated  %:  C  58.5}  H  6.9}  Cl  34.6. 

The  dichloride  contained  small  traces  of  monochloride.  On  boiling,  a  sample  of  the  dichloride  with  a  solu¬ 
tion  of  potassium  acetate  in  acetic  acid  for  12  hours,  39.2%  of  the  chlorine  in  the  sample  was  mineralized. 

Preparation  of  the  chloroenol  ester.  A  sample  of  the  dichloride  was  boiled  (12  hours)  with  excess  potassium 
acetate  in  acetic  acid,  then  the  solution  was  diluted  with  three  volumes  of  water  and  extracted  with  petroleum 
ether,  the  ether  evaporated  off  from  the  extract  and  the  residue  distilled.  We  obtained  the  dichloride  with  traces 
of  the  enol  ester  (%  Cl  26}6)  and  the  acetic  ester  of  the  chloroenol  with  b.p.  116'  at  3  mm. 

df  1.114,  n^  1.4933,  MR^  59.61}  calc.  59.27. 

Found  %!  Cl  15.6,  15.8.  CjoH^ClOCOCHa.  Calculated  %:  Cl  15.5. 

The  substance  decolorized  bromine  water  and  permanganate  solution. 

Saponification  of  the  chloroenol  ester.  2.3  g  was  boiled  for  3  hours  with  100  ml  of  1%  H2S04(reflux  con¬ 
denser)  and  then  the  volatile  acids  were  distilled  off  in  steam  until  the  distillate  was  neutral.  The  distillate  was 
titrated  with  normal  alkali}  71.6  ml  was  used  up,  the  calculated  amount  was  71.1  ml.  The  neutral  substances 
were  extracted  from  the  distillate  and  the  neutralized  residue  with  ether  and  the  ether  was  evaporated  off  from 
the  extract.  The  residue  gave  a  qualitative  aldehyde  reaction. 

Found  %i  Ci  16.9.  CjQHistXIi.  Calculated  %:  Cl  19.0. 

SUMMARY 

1.  In  the  chlorination  of  w-chlorocamphene,  according  to  our  hypotheses  on  the  mechanism  of  Lvov's 
reaction,  the  "anomalous"  reaction  must  have  a  greater  relative  weight  than  in  the  case  of  camphene  and  this 
was  proved  to  be  so. 

2.  The  presence  in  the  mixture  of  unsaturated  dichlorides  of  camphene,  the  dichloride  (IV)  and  bicyclo- 
[l,2,2]-3-dichloromethyl-2,2-dimethylheptene-3,  formed  with  the  breakdown ’of  Bredt's  prohibition,  was  estab¬ 
lished  with  a  high  degree  of  probability. 
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THE  STRUCTURE  OF  PYRONENES 


D. 


Tishchenko  and  N.  Summ 


B.  A.  Arbuzov  discovered  the  thermal  isomerization  of  a-pinene  in  alloocimene  and  dipentene  [1],  Dupont 
and  Dulou  Isolated  two  new  terpenes,  named  and  S-pyronenes  from  this  isomerizate  [2].  Later  on,  Goldblatt 
and  Palkln  showed  that  the  pyronenes  were  formed  as  a  result  of  the  cycllzatlon  of  alloocimene  [3].  Dupont  and 
Dulou  found  that  these  pyronenes  had  the  carbon  skeleton  of  1,1,2,3-tetramethylcyclohexane  and  suggested  for 
a-pyronene  the  structure  l,l,2,’3-tetramethylcyclohexadiene-3,5(I)  and  for  0-pyronene— l,l,2,3-tetramethyl- 
cyclohexadiene2,4(II),  based  on  the  following  facts  that  they  obtained:  both  terpenes  condensed  with  maleic 
anhydride  and  with  the  dimethyl  ester  of  acetylene  dicarboxylic  acid  (the  presence  of  a  system  of  conjugated 
double  bonds);  by  hydrogenating  (I)  and  (II)  hydrocarbons  were  obtained  which  had  absorption  spectra,  similar 
to  those  of  synthetic  1, 1,2,3- tetramethylcyclohexane;  the  product  of  condensation  of  (I)  with  acetylene  dicar¬ 
boxylic  ester,  on  pyrolysis,  gave  a  mixture  of  isobutylene,  trimethylethylene  and  the  dimethyl  ester  of  3-methyl- 
o-phthalic  acid,  while  the  corresponding  products  of  (ID  were  isobutylene  and  the  ester  of  3,4- dimethyl- o-phthalic 
acid;  condensation  products  were  obtained  with  acrolein  and  a“ naphthoquinone.  Up  to  now  these  structural 
formulas  for  (I)  and  (II)  have  been  accepted  generally  and  have  not  been  questioned. 

Later  on,  [4],  Dupont  named  a  hydrocarbon,  obtained  earlier  by  Kuhn  [5],  y-pyronene  and  "confirmed" 
the  structure  suggested  by  Kuhn—  l,l,3-trimethyl-2-methylencyclohexene-3(IlD.  Kuhn  based  his  idea  on  one 
of  the  isomers  of  cyclogeraniol,  to  which  he  ascribed,  with  no  proof,  the  structure  1,1,3-trimethyl-i^methylocy- 
clohexene-2.  He  converted  this  alcohol  into  the  bromide  ( structure  undetermined)  by  treatment  with  phosphorus 
trlbromide  in  the  presence  of  a  small  amount  of  pyridine  and  he  obtained  a  hydrocarbon,  with  a  great  deal  of 
iodine  ( reduction  !),  from  the  bromide  by  the  action  of  potassium  iodide  in  boiling  acetone.  According  to  Kuhn, 
these  reactions  may  be  expressed  by  the  following  formulas: 


According  to  Kuhn's  data,  this  hydrocarbon  contains  0.35  <^o  less  carbon  and  0.50%  more  hydrogen  than  CjoHig, 
while  its  molecular  refraction  exceeds  the  value  calculated  for(IU)  by  only  0.29.  Dupont  repeated  Kuhn’s  syn¬ 
thesis,  determined  the  boiling  point  and  specific  gravity  of  the  hydrocarbon,  took  the  combination  scattering 
spectrum  and  found  the  low  frequencies  of  the  double  bonds;  he  noted  the  impossibility  of  condensing  it  with 
maleic  anhydride  and  showed  that  the  hydrocarbon  was  converted  at  500”  into  m- xylene.  Having  obtained  this 
Information,  he  considered  Kuhn's  formula  (in)  "confirmed:" 

In  the  same  article  [4]  Dupont  described  the  preparation  of  a  fourth  pyronene,  fi-pyronene,  by  the  action  of 
bromosuccinimlde  on  cyclogeraniolene  and  the  removal  of  hydrogen  bromide  from  the  bromide  by  heating  with 
dimethylaniline.  According  to  Dupont,  these  reactions  should  be  expressed  in  the  following  way: 
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-H  CjH402NBr 


OV) 


For  the  hydrocarbon  fraction  obtained,  Dupont  determined  the  specific  gravity  (0.851,  the  temperature  was 
not  given)  and  refractive  index  (n‘*  1.471,  the  wave  length  was  not  given),  he  discovered  the  low  frequencies  of 
the  double  bonds  in  the  combination  scattering  spectrum  and  noted  the  formation  of  formic  acid  by  ozonolysls 
(the  amount  was  not  given  and  other  products  were  not  investigated).  This  information  Dupont  considered  suffi¬ 
cient  for  ascribing  structure (IV)  to  the  "^-pyronene."  If  we  assume  that  the  refractive  index  was  determined 
for  the  yellow  sodium  line  and  calculated  the  molecular  refraction,  we  obtain  a  negative  value  —0.56(0, 
which  is  most  extraordinary  for  a  conjugated  diene  (IV).  The  qualitative  discovery  of  formic  acid  in  the  ozonol- 
ysis  products  (IV)  has  no  bearing  on  the  establishment  of  the  hydrocarbon’s  structure.  It  is  generally  known  that 
it  is  obtained  in  small  amounts  by  the  action  of  ozone  on  saturated  compounds  as  well. 

It  follows  from  the  above  that  the  "y-  and  6-pyronenes"  were  not  obtained  in  the  pure  state,  while  form- 
ulas(III)  and (IV)  suggested  for  them,  have  no  foundation  and  are  given,  mainly,  on  the  basis  of  "the  principle 
of  least  structural  change  in  chemical  reactions"  and  on  the  arbitrary  interpretation  of  the  frequencies  of  com¬ 
bination  scattering  spectra. 

Dupont  hardly  gave  a  firmer  basis  for  the  structural  formulas  suggested  by  him  for  and  0-pyronenes(I 
and  n).  He  did  not  apply  oxidation  or  ozonolysis  for  this  purpose,  but  pyrolyzed  the  products  of  the  addition  of 
acetylene  dicarboxylic  ester  to  a-  and  6-pyronene.  Apparently,  it  was  accepted  that  condensation  was  possible 
In  the  case  of  a  cis -conjugated  system  and  was  impossible  in  the  case  of  a  trans-system  ("y-pyronene"),  but  the 
possibility  of  regrouping  of  double  bonds  from  the  trans-  into  the  cis-position  during  condensation  was  not  taken  into 
account(for  example ,  abietic  acid  —  levopimaric  acid).  Pyrolysis  cannot  be  considered  a  smooth  mediod  of  simplify¬ 
ing  organic  materials  that  never  causes  any  isomerization.  Therefore ,  we  believe  that  none  of  the  structural  formulas 
suggested  for  the  four  pyronenes  have  sufficient  basis  and  the  so-called  y  -  and  6  -pyronenes  are  not  separate  substances. 

We  considered  it  necessary  to  establish  the  structure  of  B-pyrouene  so  as  to  be  able  to  investigate  some  of 
its  reactions ,  and  for  this  purpose  we  carried  out  the  ozonolysis  of  20  g  of  this  terpene  and  the  oxidation  of  50  g 
with  potassium  permanganate  in  an  acetone  solution.  The  oxidation  gave  the  clearest  results  with  a  consumption 
of  7.5  g-at.  of  active  oxygen. 

More  than  20  g  of  y  ,y -dimethyl-  6,  c-diketocaproaldeliyde,  8  g  of  the  corresponding  acid,  10  g  acetic  acid, 
2  g  formic  acid,  a  large  amount  of  carbon  dioxide,  3  g  dimethylsuccinic  acid  and  4.5  g  a,a-dimethyllevulinic 
acid  were  obtained.  Examination  of  the  possible  oxidation  products  of  eight  isomers  of  the  composition  CjqHu 
with  the  skeleton  1,1,2,3-tetramethylcyclohexane  showed  that  the  first  two  materials(28  g)  could  be  formed 
only  from  a  hydrocarbon  of  structure  (III); 
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a.a"Dimethyllevulinic  acid  could  be  formed  only  from  a  hydrocarbon  of  structure  (ID  (  Dupont's  "  0-pyro- 
nene"); 
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Further  oxidation  of  y  ,y-dlmethyl-6,-€-diketocaproic  acid  should  give  a,a“dlmethylglutaric  acid  and  then 
a,a“dimethylsucclnlc  acid,  as  described  in  the  literature  [6],  The  formation  of  dimethylsucclnlc  acid  by  the 
oxidation  of  dimethyllevulinlc  acid  is  improbable  as  it  would  contradict  Popov's  law. 

These  data  make  it  clear  that  the  6-pyronene  oxidized  was  a  mixture  of  at  least  r50«7o  of  Isomer  (IlD  ( Du¬ 
pont's  "y-pyronene")  and  not  more  than  20%  of  isomer (II) (Dupont's  "0-pyronene").  • 

The  ozonolysis  gave  the  same  results.  Formaldehyde  and  formic  acid  ( together  about  1/3  g  mole),  acetic 
acid  (about  l.D  g  mole),  a  diketoaldehyde  C9H14O3,  and  the  acid  €9111404  were  obtained,  Methylglyoxal  and 
dimethyllevulinlc  aldehyde  €7111202  were  not  obtained.  All  these  materials  may  be  obtained  simultaneously 
only  by  ozonolysis  of  a  hydrocarbon  with  structure  (HI).  Dimethyllevulinlc  aldehyde  was  not  Isolated,  apparently, 
as  we  had  ozonized  20  g  and  oxidized  50  g  of  the  hydrocarbon. 

€onsequently,  g-pyronene  is  not  Dupont's  "fi-pyronene"  and  all  the  ideas  of  this  author  are  refuted:  y-py- 
ronene  has  not  been  studied  properly,  an(l  the  authenticity  of  the  structural  formulas  proposed  by  Dupont  for 
and  6-pyTcnenes  becomes  even  more  questionable.  This  example  illustrates  clearly  the  unreliability  of  structural 
formulas  proposed  on  the  basis  of  reactions  that  include  isomerization  phenomena,  some  qualitative  reactions, 
and  the  uncritical  application  of  physical  methods  of  investigation  . 

EXPERIMENTAL 

Oxidation  of  B~pyronene.  8-Pyronene  was  prepared  by  thermal  isomerization  of  alloocimene.  The  iso¬ 
merizate  was  distilled  on  a  column  with  an  efficiency  of  about  20  theoretical  plates  at  a  pressure  of  20  mm  and 
a  reflux  ratio  of  12-15.  We  collected  the  fraction  with  b.p.  63-64”,  d®  0.847,  n^  1.4807. 

Into  a  round-bottomed  flask  was  placed  50  g  of  the  terpene  and  50  ml  of  water.  With  cooling  and  stirring, 
a  solution  of  290  g  of  KMn04  in  2  liters  of  acetone  was  added  dropwise.  Towards  the  end,  the  decolorlzation 
slowed  down  and  the  bath  was  heated  to  50”.  The  manganese  dioxide  was  sucked  dry,  ground  up,  extracted  with 
1  liter  of  acetone,  the  acetone  sucked  off  and  the  operation  repeated.  The  acetone  was  distilled  off  from  the 
acetone  filtrates  (5  liters)  with  a  column  and  the  residue  extracted  three  times  with  0.5  liter  of  ether.  The  ether 
was  evaporated  off  from  the  extracts  and  the  neutral  substances  were  in  the  residue.  The  residue  almost  com¬ 
pletely  (20  g)  distilled  at  125— 12T  and  14  mm.  The  distillate  in  the  receiver  crystallized.  After  one  recrystal¬ 
lization  from  petroleum  ether  the  substance  melted  at  69-70”  and  subsequent  recrystallizations  did  not  change  the 
melting  point.  It  was  readily  soluble  in  alcohol,  ether  and  benzene,  volatile  in  steam,  was  not  titrated  by  alkali 
in  the  cold  and  on  boiling  (not  a  lactone),  did  not  give  a  color  with  ferric  chloride  (not  an  enol)  and  reduced 
silver  reagent  (aldehyde  group). 

Found%:  €  63.8,63.5;  H  8.4,  8.2.  €9111409.  €alculated  %:  €63.5;  H  8.2. 

The  monosemicarbazone  of  the  diketoaldehyde  was  prepared  by  the  usual  method  in  an  aqueous  alcohol 
solution,  m.p.  208”. 

Found  %:  €52.7;  H  7.6;  N  19.2.  €ioHi703N3.  €alculated  %:  €52.8;  H.  7.5;  N  18.5. 

Oxidation  of  the  diketoaldehyde.  0.5  g  of  the  substance,  25  ml  of  alcohol,  60  ml  of  0.1  N  sodium  hydroxide 
an4  15  ml  of  20%  hydrogen  peroxide  was  refluxed  for  1  hour  and  then  the  solution  was  diluted  twofold  with  water 
and  extracted  with  ether.  From  the  ether  extract  we  obtained  0.25  g  of  the  starting  material.  The  aqueous  solu¬ 
tion  was  acidified  to  congo,  and  steam  distilled  until  the  distillate  was  neutral.  In  the  distillate,  acetic  acid 
was  found  as  the  silver  salt  and  this  indicated  that  the  diketoaldehyde  had  the  terminal  group  €H3-CO-€0-[7]. 

The  acid  part  of  the  oxidation  products  of  fl-pyronene.  After  extraction  with  acetone  (see  above),  the 
manganese  dioxide,  was  extracted  three  times  with  boiling  water.  The  aqueous  filtrates  (  3  liters)  were  combined 
with  the  part  of  the  acetone- water  solution,  which  was  insoluble  in  ether  (salts,  see  above),  evaporated  to  500  ml, 
acidified  to  congo  with  hydrochloric  acid  (copious  evolution  of  carbon  dioxide)  and  steam  distilled  until  the  dis¬ 
tillate  was  neutral.  The  amounts  of  formic  and  acetic  acid  given  above  were  found  in  the  distillate  by  the  usual 
method.  The  residue  from  the  steam  distillation  was  evaporated  to  dryness  in  vacuum  and  extracted  with  ether. 
We  extracted  31  g  of  a  viscous  liquid  which  djstilled  at  ~  I.IO"®  mm.  We  obtained:  1st  fraction  ( bath  tempera¬ 
ture  120—150”),  11.5  g,  equiv.  128;  2nd  fraction  (150-220"),  9.0  g,  equiv.  177;  3rd  fraction  (  220”),  1.0  g,  equiv. 
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192.  From  the  first  fraction  was  prepared  a  silver  salt  with  59.1‘yo  silver,  which  corresponded  to  the  silver  salt 
of  dimethylsuccinic  acid(60<yc).  As  the  equivalent  of  dimethylsuccinlc  acid  is  73,  there  must  have  been  present 
in  the  first  fraction  a  monobasic  acid  with  a  molecular  weight  greater  than  128.  In  a  small  sample  we  found 
that  an  aqueous  solution  of  the  1st  fraction  gave  a  precipitate  with  semicarbazide  acetate.  10,2  g  of  the  1st  frac¬ 
tion  was  dissolved  in  50  ml  of  water  and  a  solution  of  20  g  of  semicarbazide  hydrochloride  and  24  g  of  sodium 
acetate  in  100  ml  of  water  was  added.  After  standing  overnight,  the  solution  was  filtered,  the  precipitate  washed 
with  water,  dried  (6.5  g,  corresponding  to  4.6  g  of  dimethyllevulinic  acid)  and  recrystallized  from  aicohol  to 
constant  melting  point  193"  [6]. 

Found  <70!  C  47.4,  47.7;  H  7.7,  7.7;  N  21.1.  Semicarbazone  of  dimethyllevulinic  acid  CjHjjOsNs.  Cal¬ 
culated  <7o:  C  47.7;  H  7.5;  N  20.9. 

Examination  of  the  2nd  fraction. 

Found  <7(,;  C  58.2,  57.8;  H  7.7,  7.9.  Equiv.  176.  C9H14O4.  Calculated  C  58.1;  H  7.5.  Equiv.  186. 

The  substance  gave  an  iodoform  test.  It  was  oxidized  by  Semmler  and  Wallach's  method  with  hypobromite 
solution  [8].  After  several  hours  standing,  the  solution  was  acidified  to  congo  and  extracted  with  ether,  the 
ether  distilled  off  from  the  extract,  the  residue  dried  in  vacuum  and  the  equivalent  determined.  Four  oxidations 
of  the  same  sample  gradually  lowered  the  equivalent  from  176  to  94(176,  132,  124,  103,  94).  The  acid  with 
equivalent  103  was  neutralized  and  precipitated  with  the  calculated  amount  of  AgNOs.  The  precipitate  was 
recrystallized  from  boiling  water,  dried  and  analyzed. 

Founder  C  23.3,  23.4;  H  3.4,  3.1;  Ag  56.5.  CYHio04Ag2.  Calculated  <7o:  C  22.5;  H  2.7;  Ag  58.0. 

The  same  was  done  for  the  silver  salt  from  the  acid  with  equivalent  94. 

Founder  C  20.9;  H  3.1;  Ag  58.9.  CeHg04Ag2.  Calculated  <7o;  C  20.0;  H  2.2;  Ag  60.0. 

Ozonization  of  g-pyronene.  236  liters  of  5%  ozone  (caiculated  196  liters)  was  passed  into  a  solution  of 
20  g  of  the  terpene  in  100  ml  of  chloroform,  while  it  was  cooled  to— 20".  The  solution  of  the  ozonide  was  de- 
composed  by  Introducing  it  dropwise  into  boiling  water  while  the  volatile  products  were  trapped.  The  chloro¬ 
form  layer  of  the  distillate  was  separated  and  the  chloroform  evaporated  off.  The  residue  (  2;8  g)  distilled  al¬ 
most  completely  at  89-94"  (  2  mm);  d®  1.06,  np  1.4572. 

Found '7o;  C  61.5,  61.9;  H  8.9,  8.7.  C9Hi403.  Calculated  %;  C  63.5;  H  8.2. 

We  prepared  a  semicarbazone  with  m.p.  208" (after  recrystallization  from  alcohol),  which  did  not  depress 
the  melting  point  of  the  semicarbazone  of  dimethyldiketocaproaldehyde  (see  above).  In  the  aqueous  layer  we 
found  formaldehyde  (0.54  g,  determined  with  dimedone),  formic  acid  (1.47  g,  determined  by  Scales  method) 
and  acetic  acid  (12.1  g,  as  the  silver  salt).  The  ozonolysis  products,  involatile  in  steam,  were  completely  solu¬ 
ble  in  water.  The  water  was  distilled  off  in  vacuum  and  the  weight  of  the  viscous  residue  was  14  g.  It  was  dis¬ 
tilled  at  0.1  mm  on  a  boiling  water  bath,  when  5.0  g  distilled  at  80-90"  and  the  residue  was  6.5  g.  The  equiv¬ 
alent  of  the  residue  was  190  and  for  C9H14O4  it  was  186.  A  sample  of  the  residue  (1.8  g)  was  neutralized  with  soda 
and  to  it  was  added  a  solution  of  18  g  AgNOs,  30  g  of  NaOH,  65  ml  of  NH3(28'7a)  and  1500  ml  of  H2O.  It  was 
heated  on  a  boiling  water  bath  until  the  solution  became  completely  clear.  It  was  worked  up  in  the  usuai  way. 
We  isolated  1.6  g  of  an  acid  as  a  very  viscous  liquid. 

Found  <7o;  C  52.6,  52.2;  H  7.5,  7.5.  C7Hi204(dimethylglutaric  acid)  Calculated  C  52.5;  H  7.5. 

1  g  of  C2H12O4  was  oxidized  with  20  ml  of  nitric  acid(d  1.20)  until  nitrogen  oxides  were  no  longer  evolved. 
We  obtained  0.9  g  of  a  crystalline  acid,  which  was  recrystallized  from  a  mixture  of  benzene  and  ligroin.  The 
m.p.  was  136— 139*and  the  equiv.  74.  For  asymmetric  dimethylsuccinic  acid  the  equiv*is  73  and  the  m.p,  137 
to  14?, 
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SUMMARY 


1.  The  reliability  of  proposed  structural  formulas  for  pyronenes  was  examined.  It  was  shown  that  not  one 
of  them  has' sufficient  basis. 

2.  The  ozonolysis  and  potassium  permanganate  oxidation  of  6-pyronene  was  carried  cut.  It  was  found  that 

it  was  a  mixture  of  more  than  1, 1,3- trimethyl- 2- methylencyclohcxene- 3 (  Dupont’s  "y-pyronene")  and 

less  than  20<fo  of  l,l,2,3-tetramcthylcyclohexadiene-2,4(Dupont’s  "B-pyronend^). 
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a  -OXIDES  OF  ALKYFURYL  ALCOHOLS 


M.  M.  Azanovskaya  and  V.  I.  Pa nse vich- K oly ada 


The  oxidation  of  unsaturated  alcohols  of  the  aliphatic  and  aliphatic-  aromatic  series  with  peracids  for  syn¬ 
thesizing  a, 6 “alcohol  oxides  has  been  studied  quite  well (1-4].  The  oxidation  of  alcohols  with  two  double  bonds 
in  a  molecule  has  been  studied  much  less,  although  interesting  compounds  could  be  prepared  thus. 

N.  A.  Ptilezhaev  [1,  5]  carried  out  the  oxidation  of  geraniol  and  linalool  with  perbenzoic  acid  and  showed 
that  depending  on  the  amount  of  oxidant  either  mono-  or  dioxides  of  these  alcohols  could  be  obtained. 

As  alcohol  oxides  of  different  structure  vary  a  great  deal  in  their  properties  [3-6],  it  seemed  interesting  to 
us  to  synthesize  alcohol  oxides  containing  a  furan  ting  in  the  molecule,  that  is,  in  particular,  a-oxides  of  alkyl- 
furyl  alcohols. 

The  first  example  of  a  compound  of  this  series—  furyl  alcohol-  was  oxidized  by  Boeseken  [7]  with  two  moles 
of  peracetic  acid.  From  the  reaction  products  he  isolated  a  small  amount  of  dihydtofuranone- 2(0  and  a  lactone 
(n)  and  up  to  80'7o  tar  : 


CH  —  CHz 
(?H  CO 


OC  CH-CHgOH. 

\o/ 


In  the  present  work  we  carried  out  the  oxidation  of  ethylfuryl,  n-propylfuryl,  n-butylfuryl  and  isoamylfuryl 
alcohols  with  acetyl  peroxide  with  molecular  ratios  of  alcohol  and  peroxide.  Under  the  conditions  selected  by 
us,  the  oxidation  products  of  the  alkylfuryl  alcohols  turned  out  to  be  the  monoxides  of  these  alcohols:  2-(l-hy- 
droxypropyl)- oxido-  2,3-  furan  ( III) ,  2-(  1- hydroxybutyl)- oxido-  2,3-  furan  ( IV) ,  2-(  1- hydroxyamyl)- oxido-  2,3-  furari 
(V)  and  2-(  4- methyl- 1-hydroxyamyl)- oxido- 2,3- furan  ( VI)  : 


I  J>°  , 

HC:  C-CH-F 

I 

V'  r\ti 


(HI)  R  =  C2H5; 
(V)  R  =  n-C4H9; 


(IV)  R  =  n-C3H7; 
(VI)  R=iso  -CgHii. 


The  monoxides  (III  -  VI)  are  colorless,  crystalline  materials,  dissolving  in  organic  solvents  and  in  water. 
Their  solubility  in  organic  solvents  increases  with  increase  in  molecular  weight,  while  in  water  it  decreases  in 
the  same  order.  T{re  monoxides  of  alkylfuryl  alcohols  obtained  by  us  are  unstable  materials-  when  stored  in  air 
and  even  in  a  desiccator  they  quite  rapidly  decompose  and  are  converted  into  thick,  oily  liquids  with  an  acrid 
smell.  Their  stability  increases  with  molecular  weight. 

The  alcohol  oxides  (III  -  IV)  reacted  with  alcohols,  amines  and  water,  but  the  products  thus  formed  were 
unstable,  during  the  reaction  they  condensed,  forming  a  tar- like  material.  The  reaction  products  could  not  be 
isolated  in  a  pure  state.  One  of  the  products  of  the  decomposition  of  the  n-butylfuryl  alcohol  oxide  (V)  when 
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treated  with  anhydrous  zinc  chloride  turned  out  to  be  n-  valeraldehyde,  which  we  determined  as  its  condensation 
product  with  dimedone.  n- Valeraldehyde  could  have  formed,  doubtless  ,  due  to  the  splitting  off  of  the  side 
chain  from  the  molecule  of  butylfuryl  alcohol  oxide  (V).  The  possibility  is  not  excluded  of  the  preliminary 
splitting  of  the  furyl  ring,  as  well.  The  established  fact  of  the  splitting  off  of  the  side  chain  from  the  monoxide 
(V)  with  the  formation  of  the  aldehyde  gave  a  basis  for  considering  formula  (VII)  the  most  probable  of  the  two 
possible  structural  formulas  for  monoxides  of  alkylfuryl  alcohols  (VII  and  VIII)  since  alcohol  oxides  which  have 
the  alcohol  group  in  an  a,  6-p)osltion  to  the  oxide  ring,  undergo  such  decomposition  with  the  formation  of  alde¬ 
hydes  [2-4,  8—11]. 


HCt - CH 

HC  C-CH-R 
\o/  I 
^  OH 

(VIl) 


HC - CH 


<1  1 

HC  C-CH-F 


I. 


"O 

(VIII) 


OH 


EXPERIMENTA  L 

preparation  of  the  g-oxide  of  ethylfuryl  alcohol (M).  The  alcohol  was  synthesized  from  ethylmagneslum 
bromide  and  furfural.  The  b.p.  was  62.5-63.5’  (5  mm).  To  13  g  of  the  alcohol  in  two  volumes  of  anhydrous 
ether  at  20—25’  was  added  18  g  of  90%  acetyl  peroxide.  The  reaction  proceeded  witfi  the  evolution  of  heat.  Next 
day  all  the  peroxide  had  reacted.  The  acetic  acid  was  neutralized  with  soda  solution  and  the  ether  layer  was 
separated  and  dried  over  MgS04.  After  distilling  off  the  ether  the  reaction  product  was  distilled  at  7  mm:  1st 
fraction  75—124’,  2.5  gj  2nd  fraction  124—125.5",  6.5  g;  residue  1  g. 

The  second  fraction  and  the  residue  quickly  crystallized.  After  two  recrystallizations  from  petroleum  ether 
the  substance  appeared  as  fine,  colorless  needles,  readily  soluble  in  water,  alcohol,  ether  and  benzene  and  diffi* 
cultly  soluble  in  petroleum  ether;  m.p.  69.5-71’.  The  yield  was  7  g(48%). 

Found  %;  C  59.04;  H  6.98;  OH  11.80.  M  148.1,  147.1.  C7H10O3.  Calculated  C  59.15;  H  7.04;  OH 

11.97.  M  142. 

The  substance  obtained  corresponded  to  2-(l-hydroxypropyl)-oxido-2,3-furan. 

Preparation  of  the  g-oxide  of  n-propylfuryl  alcohol  (IV).  The  alcohol  was  synthesized  from  n-propylmag- 
nesium  bromide  and  furfural.  The  b.p.  was  92-94’  (12  mm). 

18.9  g  of  freshly  distilled  n-propylfuryl  alcohol  was  oxidized  with  10.6  g  of  96%  acetyl  peroxide.  The  re¬ 
action  products  were  treated  as  in  the  previous  experiment.  On  distilling  the  reaction  products  at  12  mm  pres¬ 
sure,  the  following  fractions  were  obtained:  1st  93—106’;  2nd  106-143°;  3rd  143-145.5’  2.6  g;  4th  145. 5’ -147" 
5.4  g;  5th  147—154’,  2.9  g.  The  distillation  was  stopped  as  decomposition  began.  The  3rd,  4th  and  5th  fractions 
quickly  crystallized.  After  washing  these  fractions  with  petroleum  ether  and  recrystallizing  twice  from  a  mix¬ 
ture  of  benzene  and  petroleum  ether  (b.p.  19—40’),  we  obtained  a  substance  with  m.p.  57.5-59.5".  The  yield 
was  10.3  g(62.7'y(^.  The  substance  readily  dissolved  in  ether,  benzene  and  carbon  tetrachloride,  with  difficulty 
In  water  and  was  almost  insoluble  at  normal  temperatures  in  petroleum  ether.  On  storing  in  air,  after  2-3  days 
the  melting  point  changed  and  then  the  substance  changed  into  a  thick,  yeollowish  liquid  with  a  sharp  smell. 

Found  %j  0  61.44,61.25;  H  8.13,  7.80;  OH  10.62.  CjHiPa.  Calculated  %:  0  61.53;  H  7.69;  OH  10.89. 

The  substance  obtained  was  2-(l-hydroxy-n-butyl)-oxido-2,3-futan. 

Preparation  of  the  g-oxide  of  n- butylfuryl  alcohol(V).  n- Butylfuryl  alcohol  was  synthesized  from  butyl- 
magnesium  bromide  and  furfural.  The  b.p,  was  85.5-66’ (6  mm). 

24.5  g  of  freshly  distilled  n-butylfuryl  alcohol  was  oxidized  with  15  g  of  92%  acetyl  peroxide.  The  reaction 
products  were  treated  in  the  usual  way.  We  obtained  a  crystalline  product,  which  melted  at  82-83*  and  appeared 
as  short,  colorless  needles  after  2  recrystallizations  from  benzine  (b.p.  80-100")  and  from  carbon  tetrachloride. 
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The  yield  was  19.6  g(72.6‘7o).  The  a-( l-liydroxyainyl)"Oxido- 2,3-furan  obtained  was  readily  soluble  in  ether, 
benzene,  alcohol,  dichloroethane,  dioxane,  in  benzine  on  heating  and  in  boiling  carbon  tetrachloride  and  was 
insoluble  in  water  at  normal  temperature. 

Founder  C  63.26;  H  8.29;  OH  10.13.  M  162.3.  C9H14O3.  Calculated  %:  63.52;  OH  10.00.  M  270. 

Preparation  of  the  g-oxide  of  isoamylfutyl  alcohol(VI).  The  Lsoamylfuryl  alcohol  was  synthesized  from 
isoamylmagnesium  bromide  and  furfural  and  had  b.p.  117-118.5"  (16  mm). 

48  g  of  freshly  distilled  lsoamylfuryl  alcohol  was  oxidized  with  22.5  g  of  907o  acetyl  peroxide.  The  reac¬ 
tion  products  were  treated  in  the  usual  way.  Fractions  were  isolated  by  distillation  at  6  mm;  1st  113—130",  2  g; 
2nd  130—145.5",  8.2  g;  3td  145.5—149",  10.5  g;  4th  149—155",  15.6  g.  The  distillation  was  stopped  as  decom¬ 
position  began.  The  residue  was  a  tarry  brown  color.  The  3rd  and  4th  fractions  were  again  distilled  at  6  mm. 

We  obtained  fractions;  1st  134-156",  7.4  g;  2nd  156—158°,  5  g;  3rd  158-160",  12.8  g. 

The  2nd  and  3rd  fractions  crystallized.  After  2  recrystallizations  from  petroleum  ether,  we  obtained  color¬ 
less  needles  with  m.p.  60-61.5".  The  yield  was  15.8  g(30'7o).  The  substance  was  readily  soluble  in  petroleum 
ether  on  heating  and  insoluble  in  water. 

Found  %;  C  65.08;  H  9.09;  OH  9.02.  M  187.7.  OmHieOj.  Calculated  % ;  C  65.21;  H  8.64;  OH  9.23. 

M  184. 

Incompletely  purified  2-( 4- methyl-l-hydroxyamyl)-oxido- 2,3-furan  became  yellow  after  several  days  on 
storage  in  air  and  in  a  desiccator  and  deliquesced  into  a  liquid  with  the  smell  of  rancid  butter;  the  pure  oxide 
was  more  stable. 

Reaction  of  the  oxide  of  n-butylfuryl  alcohol  on  heating  with  zinc  chloride.  A  mixture  of  3.4  g  of  the  oxide 
of  n-butylfuryl  alcohol  and  0.8  g  of  anhydrous  zinc  chloride  was  lieated  for  3  hours  on  a  water  bath  and  then  at 
150—170".  At  this,  a  liquid  with  b.p.  95—120°  distilled  off.  The  substance  gave  a  product  with  dimedone,  which 
melted  at  105—106°  after  recrystallization  from  aqueous  alcohol  and  corre.sponded  to  the  adduct  of  dimedone  and 
n-valeraldehyde. 

Found  70;  C  73.13;  H  9.34.  C21H32O4.  Calculated  <yo;  C  72.41;  H  9.19. 

vSUMMARY 

1.  The  following  four  alkylfuryi  alcohols  were  oxidized  with  acetyl  peroxide;  cthylfuryl,  n- propyifuryl, 
n-butylfuryl  and  lsoamylfuryl. 

2.  Four  alcohol  oxides  were  obtained  and  characterized;  2-( l-hydroxypropyl)-oxido- 2,3-furan,  2-(l-hy- 
droxybutyl)-oxido- 2,3- furan,  2-( l-hydroxyamyl)-oxido- 2,3-furan  and  2-( 4- methyl- l-hydroxyamyl)-oxido- 2,3- 
furan. 
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THE  REACTION  OF  DIA  ZO  COMPOUNDS  WITH  SULFAMIC 
ACID  AND  ITS  DERIVATIVES 

IV.  THE  DIAZO  SALTS  OF  METHTLARYLTRIA ZEN- N- SULFONIC  ACIDS 
D.  Z.  Zavelsky  and  L.  A.  Lishnevskaya 


It  was  shown  in  one  of  our  reports  [1]  that  at  pH  4-6  potassium  N-methylsulfamate  condensed  with  diazo 
compounds,  forming  aryl- 1- methyl- 3- triazensulfonic  acids- 3.  The  purpose  of  this  work  was  to  investigate  the 
reaction  of  potassium  methylsufamate  with  diazo  compounds  in  more  acidic  media. 

The  introduction  of  a  concentrated  solution  of  4-nitrophenyldiazonium  chloride  into  a  similar  solution  of 
potassium  methylsulfamate  at  a  temperature  between  2  and  4®  and  pH  1.0— 1.3  gave  a  yellow  precipitate,  which 
had  reactions  characteristic  of  diazo  salts,  but  turned  out  to  be  heterogeneous  when  examined  microscopically. 
However,  a  homogeneous  precipitate  could  be  obtained  at  pH  3,  which  consisted  of  light  yellow  needles  that 
became  intense  yellow  after  filtration  and  drying.  Although  moderately  soluble  in  water  and  unstable,  the  new 
product  could  be  recrystallized  from  water  acidified  with  acetic  acid  by  using  the  difference  in  the  solubilities 
at  35  and— 2*.  The  recrystallized  product  consisted  of  large  yellow  needles  or  prisms.  Its  aqueous  solution  had 
a  pH  of  5.0-5, 5  and  combined  actively  with  H  acid  in  a  neutral  medium.  This  diazo  compound  was  unstable  in 
the  dry  state  as  after  2-4  hours  it  started  to  show  signs  of  decomposition.  When  heated,  the  diazo  salt  deflagrated, 
emitting  a  yellow  smoke.  After  5—10  minutes  in  daylight  and  especially  in  sunlight,  it  changed  its  egg-yellow 
color  to  light  brown  and  then  to  darker  brown.  The  diazo  salt  that  had  turned  brown  after  several  hours  of  stor- 
age  gave  an  acid  reaction  and  a  positive  test  for  sulfate  ion  when  suspended  in  water,  which  indicated  the  split¬ 
ting  out  of  the  sulfo  group.  Simultaneously,  a  yellow  product,  insoluble  in  water,  was  formed  which  turned  out 
to  be  4,4'-dinitrodiphenyltriazene.  We  considered  that  the  material  synthesized  was  the  4-nitrophenyldiazonlum 
salt  of  methylsulfamic  acid  (I): 

OzN-/  N=N 

\ - /  I 

O-SO2-NHCH3. 

(I) 

However,  repeated  analysis  for  sulfur,  nitrogen  and  diazo  nitrogen  content,  showed  that  the  material  con¬ 
tained  much  less  sulfur  and  more  nitrogen  and  diazo  nitrogen  than  required  by  the  given  formula.  Therefore, 
we  considered  that  the  product  examined  was  a  molecular  compound  (II),  in  which  there  is  1  mole  of  the  4-nl- 
trophenyldiazonium  salt  of  methylsulfamic  acid  per  mole  of  the  4-nitrophenyldiazonium  base,  as  chlorine  was 
not  detected  in  the  diazo  salt. 

02N-<(^  ^N=N  02N-^<^  ^-n=n 

O-SO2-NHCH3  OH 

ill) 


Actually,  the  amounts  of  sulfur,  nitrogen  and  diazo  nitrogen  calculated  for  this  structural  formula  agree 
well  with  those  obtained  experimentally  as  can  be  seen  from  Table  1. 
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TABLE  1 


Name  of  clement 

Amount  of  element  in 
% 

1  calculated 

found 

Sulfur 

Total  nitrogen 

Diazo  nitrogen 

12.32 

21.53 

10.77 

7.50 

22.94 

13.11 

1 

7.39,  7.50 
22.84 

13.35 

The  analysis  of  the  diazo  salt  for  methylsiifainic  acid  by  the  nitrosation  method  also  confirmed  the  formula 
C13H13OJN7S,  however,  when  combined  with  m-toluylendiamine  or  6“'iaphthol  in  a  neutral  medium  combination 
apparently  occurred  with  only  1  mole  of  tlie  nitrodiazobenzene  out  of  the  two  contained  in  the  product  investi¬ 
gated  according  to  the  proposed  formula.  Therefore,  we  had  to  conclude  that  one  of  the  diazo  radicals  in  the 
product  was  in  an  active  and  the  other  in  a  passive  form,  and,  consequently,  structure  (III)  corresponded  to  it. 


0,N- 


\_ 


\_N=-N— N-CH3  .  H2O 


(III) 


SO2-O-N-/ 

III 

N 


-NO2 


To  check  this  hypothesis,  the  material  investigated  was  dissolved  in  liydrochloric  acid  in  the  cold  to  split 
the  triazcne  and  convert  the  second  diazo  group  into  the  active  form,  and  then  it  was  combined  with  an  azo 
component  in  a  neutral  medium.  In  this  case  only  1 0. 0-82.0'/, i  of  both  diazo  radicals  were  found,  but  as  the 
first  diazo  radical  was  fixed  completely  in  a  separate  combination  of  the  product  investigated  in  a  neutral  med¬ 
ium,  only  58-64'7o  of  the  theoretical  amount  of  the  second  diazo  radical  was  found  to  be  regenerated  from  the 
diazoamino  group. 

Nitrosation  of  the  methylsulfamic  acid  in  a  hydrochloric  acid  solution  of  tite  material  before  combination, 
to  eliminate  secondary  formation  of  the  diazoamino  comptrund  when  neutralized,  increased  the  degree  of  fixa¬ 
tion  of  the  second  diazo  radical  only  to  80-01%.  Consequently,  ihe  second  diazo  radical  could  not  be  fixed 
quantitatively,  under  the  given  analytical  conditions,  in  the  form  of  an  azo  combination  product. 

The  last  formula  assumes  that  the  material  investigated  is  the  4-nitroplienyldiazonium  salt  of(4’-nitrophenyl) 
-1- methyl- 3-triazen- sulfonic  acid-3(III)  and,  consequently,  differs  from  the  potassium  salt  of  this  acid,  which 
was  synthesized  earlier  [2],  only  by  a  cation.  That  means  that  if  this  formula  is  correct,  salt  exchange  between 
4-nitrophenyldiazonium  chloride  and  the  potassium  salt  of(4’-nitrophenyl)-l-mcthyl-3-triazensulfonic  acid- 3 
(IlO  should  form  a  product  identical  with  that  obtained  from  potassium  methylsulfamate  and  two  molecules  of 
4-nitrophenyl  diazonium: 


OaN-^  \_N=N-N-  CHy 

\ - /  I 

SO3K 


/  \  M  M 

2i'«— <  N=N - » 


OoN 


— >  ^-N=N-N-CH.,  N 

^ / - \ 

„_0— N— / 


Cl 

H,0-4-KCI. 


Actually,  when  solutions  of  nitrophenyldiazonium  chloride  and  the  potassium  salt  of  triazensulfonic  acid 
were  mixed  in  the  cold,  a  precipitate  was  formed  whose  properties  were  completely  identical  with  those  of  the 
material  invesitgated  by  us.  Analysis  of  the  diazoamino  diazo  salt  obtained  by  the  second  method  for  nitrogen 
and  sulfur  content  further  confirmed  its  similarity  to  the  diazo  salt,  synthesized  by  the  first  method. 
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Thus,  It  was  established  that  at  pH  3  dlazoatnlno  condensation  takes  place  between  4^nitrophenyldiazoniuni 
and  methylsulfamic  acid,  but  due  to  the  insufficiently  high  pH  and  low  temperature,  it  is  not  complete.  The 
excess  diazonium  forms  a  salt  of  arylmethyltriazen-N- sulfonic  acid,  analogous  to  the  arylsulfonates  of  diazo 
compounds  described  in  the  literature  [3].  The  material  is  peculiar  in  that  it  is  simultaneously  a  diazoamino 
compound  and  a  diazonium  salt. 

The  formation  of  sulfate  ion  and  4,4’-dinitrophenyltriazene  by  storing  an  aqueous  solution  of  the  diazo- 
amino  diara  salt  may  be  readily  understood  from  the  following  scheme: 


OsN-<(  ^N=N-N-CH3  N  08N-<^  )>-N=N-NH-CH8-4- 

SOg— 0-N-<^  )>-N02 

N 

Hi  y \ 

-4-  HO-SOa— O-N-/ _ ^-NOg 

02N-<^^^-N=N-NH-CH3  OgN-C^^  )>-NH-N=N-CH3 
— ►  OgN— ^-NHg  CH3OH  -I-  Ng. 


N 

y - \  "I  y - \ 

OgN-/ _ ^-NHg  HO-SOa-N-<^  ^-NOg  -> 

OgN-<^  NH— N=N— <(  NOg  ->-•  HaS04 . 


We  have  already  studied  thoroughly  such  a  decomposition  reaction  for  potassium  salts  of  various  arylmethyl¬ 
triazen-N- sulfonic  acids  [4].  The  difference,  apparently,  lies  in  that  hydrolytic  splitting  of  sulfo  groups  takes 
place  with  potassium  salt  solutions  only  when  heated  while  with  diazonium  salts  it  occurs  even  in  the  cold.  The 
lower  basicity  of  the  diazo  cation  in  comparison  with  the  potassium  cation  is,  apparently,  the  reason  for  this 
phenomenon. 


The  reaction  which  was  investigated  by  using  4-nitrophenyldiazonium,  was  also  applied  to  other  diazo  com¬ 
pounds. 

A  solution  of  3-nitrophenyldiazonium  chloride  combined  with  a  solution  of  potassium  methylsulfamate  at 
— 2*  and  pH  1.5— 1.6  to  deposit  a  diazoamino  diazo  salt,  which  was  similar  in  properties  to  that  synthesized  from 
4-nitrophenyldiazonium.  Under  a  microscope  it  was  pale  yellow,  elongated  flat  quadrangular  plates,  which 
were  even  less  soluble  in  water  than  the  4-nitro  analog,  and  therefore,  it  could  not  be  recrystallized.  But  when 
only  the  middle  fractions  of  the  crystals,  formed  in  the  reaction  mother  liquor,  were  separated,  the  diazoamino 
diazo  salt  was  obtained  sufficiently  pure  for  analysis.  This  salt  did  not  change  the  intensity  of  its  coloring  when 
stored  in  a  moist  state  in  air,  as  was  the  case  with  the  4-nltro  analog,  and  it  was  stable  to  storage  for  4-7  days, 
after  which  it  also  turned  brown  and  deteriorated.  It  was  also  much  more  stable  to  light  than  the  diazoamino 
diazo  salt  from  4-nitrodlazobenzene. 


Analyses  for  the  methylsulfAmic  acid  radical  content  by  nitrosation  with  nitrite  in  an  acidic  medium,  as 
well  as  for  the  content  of  active  and  passive  BnitrodiazobenzetEracBcals  by  combining  first  in  a  neutral  and  then 
in  an  acidic  medium,  gave  values  which  agreed  closely  with  theoretical  calculations  and  proved  conclusively 
that  the  structure  of  the  diazoamino  diazo  salt  (IV)  corresponds  to  that  of  the  material. 


/  \-N=N-N-CH3 

NOg  iog-o- 


(IV) 


In  this  case,  in  contrast  to  the  diazoamino  diazo  salt  from 
4-nitrodiazobenzene,  the  conversion  of  the  passive  diazo  radical 
into  the  active  form  could  be  effected  quantitatively.  An  elemen¬ 
tary  analysis  for  sulfur  and  nitrogen  content  further  confirmed  the 
formula  proposed. 


2- Nitrophenyldiazonium  chloride  and  4-nitro- 2- chlorophenyl- 
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dlazonium  at  a  pH  between  1  and  3  and  temperatures  from  0  to— 6",  reacted  with  methylsulfamic  acrid,  depositing 
at  first,  brownish  yellow  or  brownish  orange  precipitates  which  immediately  started  to  change  into  sticky  brownish 
yellow  tars  which  evolved  nitrogen.  By  further  treatment  of  these  tars,  it  was  possible  to  obtain  amines,  corres¬ 
ponding  to  the  starting  diazo  corhpounds,  for  example,  4-nitro- 2-chloroaniline,  while  sulfuric  acid  was  detected 
in  the  mother  liquors. 

Attempts  were  made  to  obtain  a  diazoamino  diazo  salt  from  2-nitrodiazobenzene  and  4-nitro- 2- chlorodiazo- 
benzene  by  the  second  method,  investigated  for  4-nitrodiazobenzene  and  based  on  the  exchange  reaction  be¬ 
tween  the  potassium  salt  of  the  arylmethyltriazen-N- sulfonic  acid  and  the  chloride  of  the  corresponding  aryl- 
diazonium.  In  this  case,  it  turned  out  that  in  the  first  few  seconds  light  yellow  crystalline  precipitates  were 
formed  much  purer  in  appearance  than  those  formed  by  the  first  method  of  synthesis,  but  in  less  than  a  minute 
they  decomposed  and  were  converted  into  the  tars  described  above. 

Thus,  it  was  established  that  the  2-nitrophenyldiazonium  salt  of  2'- nitro phenyl- methyltriazen-N- sulfonic 
acid  and  the  4-nitro-2-chlotophenyldiazonium  salt  of  4'- nitro- 2'- chlorphenylmethyltriazen-N- sulfonic  acid 
ate  much  less  stable  materials  than  the  corresponding  potassium  salts,  synthesized  and  investigated  earlier  [1,  4]. 
They  are  readily  decomposed  even  in  the  first  few  minutes  after  formation  giving  finally  the  corresponding 
amines  and  sulfuric  acid  by  the  following  reaction : 


02N-^  ^-N=N-N-CH3  N 


+H,o 


Cl 


I  Ml  / - V 

SOo-O-N-C  \- 


I 

Cl 


NOj 


O2N-/ _ ^-N=N-NHCH3  -h  H0-S02-0-N-<^  _/-N02 


02N 


_  Cl 

— /  N=N— NH  — 


^_N=N-NH-CH3  OgN-/  );-NH-N=N-CH3  -- 

Cl  _ ^  Cl 

^/-NHg  -H  CH3OH  +  N.,. 

f 

Cl 


I 

Cl 


In  contrast  to  the  decomposition  of  the  diazoamino  diazo  salt  from  4ititrodiazo benzene, in  this  case  the  re¬ 
action  reached  only  the  stage  of  4- nitro- 2-chloroaniline,  which  is  incapable,  under  the  given  conditions,  of 
entering  into  diazoamino  condensation  with  4-nitro-2-chlorodiazobenzene  due  to  the  fact  that  it  is  less  base 
and,  consequently,  less  active  than  4-nitroaniline. 

Thus,  investigation  of  the  reaction  between  methylsulfamic  acid  and  four  nitrodiazo  compounds  at  pH  from 
1  to  3  showed  that  the  latter  were  capable  of  undergoing  diazoamino  condensation  with  methylsulfamic  acid  in 
the  cold  in  a  practically  acidic  medium,  i.  e.,  under  conditions  where  the  combination  of  these  diazo  com¬ 
pounds  with  phenols  or  aminesf  B-naphlhol,  m-toluylendiamine,  H  acid)  does  not  begin.  Due  to  the  low  solu¬ 
bility  in  water  of  diazonium  salts  of  arylmethyltriazen-N- sulfonic  acids  and  the  relatively  slow  rate  of  the  di- 
azdamino  condensation  reaction,  diazoamino  diazo  salts  are  formed  first.  The  latter,  depending  on  the  pH  of 
the  reaction  medium  are  converted  into  other,  more  stable  compounds,  namely :  at  a  higher  pH—  into  potassium 
salts  of  arylmethyltriazen-N- sulfonic  acids,  while  at  low  pH,  in  the  case,  for  example,  of  4-nitrodiazobenzene 
—  into  4,4'-dinitrodiazoaminobenzene  while  in  the  case  ofthe  more  "negative"  2-nitrodiazobenzene  and  4-nitro- 
-2-chlorodiazobenzene  into  the  corresponding  amines. 

It  seems  likely  that  the  formation  of  diazonium  salts  of  methylsulfamic  acid  takes  place  even  before  the 
formation  of  diazonium  salts  of  triazen-N- sulfonic  acids.  However,  attempts  to  isolate  the  former  using  maxi¬ 
mum  concentrations  of  reagents  in  media  of  different  degrees  of  acidity  were  unsuccessful,  apparently,  due  to 
the  high  solubility  of  these  salts. 


EXPERIMENTA  L 
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1.  Reaction  of  methylsulfamic  acid  with  4-nitrocliazobenzenc  at  pH  3.  6.9  g  of  4-nitroaniline  was  dissolved 
in  24.0  ml  of  hydrochloric  acid  (containing  225  g/liter  of  HCl)  by  heating.  On  cooling  externally  with  an  ice- 
salt  mixture,  the  solution  crystallized;  to  the  mass  obtained  was  added  7.5  g  of  crushed  ice  and  10.5  ml  of  5  N 
sodium  nitrite  (0.05  mole+  5%  excess)  in  one  addition.  The  diazonium  solution  formed  was  adjusted  to  pH  3 
with  a  concentrated  solution  of  sodium  acetate,  filtered  and  cooled  to  ^2*. 

Acetic  acid  was  added  to  a  solution  of  7.9  g  of  potassium  methylsulfamate  in  30  ml  of  water  until  the  pH 
was  3. 

After  cooling  the  solution  to-' 2*,  the  cold  solution  of  4-nitrodiazobenzene  was  added  to  it.  After  several 
minutes  stirring,  a  pale  yellow  precipitate  began  to  form  and  the  reaction  mixture  gradually  turned  into  a  paste. 
The  precipitate  was  filtered  off  and  well  squeezed  out  on  plates  of  unglazed  porcelain  so  that  the  crystals  became 
a  bright,  egg  yellow.  The  filtrate  gradually  continued  to  deposit  light  yellow  crystals,  which,  under  the  micro¬ 
scope,  appeared  as  large,  well  formed  blunt-ended  needles  or  elongated  prisms.  As  the  crystals  accumulated, 
they  were  filtered  off,  and  added  to  the  main  precipitate.  For  recrystallization,  the  precipitate  was  dissolved 
in  50-60  times  the  amount  of  water,  heated  to  30—35"  and  the  filtered  solution  was  cooled  to— Z*.  The  light 
yellow,  flocculent  precipitate  was  filtered  off,  washed  first  with  ice  water  and  then  with  ether  and  afterwards 
pressed  out  and  dried  on  a  plate  of  unglazed  procelain  for  3-4  hours  over  solid  sodium  hydroxide  and  paraffin 
in  a  desiccator  wrapped  in  black  paper.  The  yield  of  the  recrystallized  diazo  salt  was  2,95  g.  The  next  day 
the  residual  mother  liquor  gave  a  fresh  yellow  precipitate,  but  when  a  sample  was  filtered  off.it  only  gave  a 
weak  reaction  for  active  diazo  compound  ( with  a  soda  solution  of  H  acid).  This  precipitate  consisted  of  shiny, 
pale  yellow  crystals,  which,  after  recrystallization,  gave  all  the  characteristic  reactions  of  the  potassium  salt 
of(4’-nittophenyl)"l“niethyl-3-triazensulfonic  acid-3  [1]. 

Under  the  microscope  the  recrystallized  and  dried  diazo  salt  appeared  to  consist  of  fragments  of  elongated 
yellow  prisms.  On  heating  to  35-40*  the  diazo  salt  deflagrated  with  the  formation  of  greenish  yellow  smoke. 

The  freshly  prepared  aqueous  solution  of  the  diazo  salt  contained  neither  chlorine  nor  sulfate  ions;  its  pH  was 
about  5-6.  After  a  day,  the  solution  of  diazo  salt  gave  a  reaction  for  mineral  acid  and  a  precipitate  of  BaS04 
with  barium  chloride.  Besides  this,  it  deposited  a  precipitate  showing  all  the  cliaracteristic  properties  of  4,4’- 
dinitrodiazoaminobenzenc  (solubility  in  an  aqueous  solution  of  sodium  hydroxide  with  an  intense  violet  —  cherry 
color  and  the  precipitation  of  bluish  crystals  with  bronze  iridescence  on  cooling;  the  formation  of  an  intense 
cherry  red  color  on  heating  with  a  solution  of  0-naphthylamine  in  glacial  acetic  acid).  The  dry  diazo  salt  was 
very  unstable.  Even  after  2-4  hours  standing  it  began  to  turn  brown  and  deteriorate.  Deteriorating  crystals 
placed  on  congo  paper  moistened  with  water  gradually  gave  a  blue  spot,  indicating  that  mineral  acid  was  evolved. 
After  a  day's  storage,  the  diazo  salt  was  not  completely  soluble  in  water  and  its  water  extract  contained  sulfate 
ion.  The  dry  diazo  salt  was  sensitive  to  daylight,  especially  direct  sunlight.  After  5  minutes  exposure  to  sun¬ 
light,  the  diazo  salt  changed  from  egg  yellow  to  brown.  Because  of  the  extreme  instability  of  the  diazo  salt, 
its  analysis  had  to  be  carried  out  only  on  the  freshly  prepared  product. 

Found  <7(,;  N  22.75.,  22.92;  S  7.49,  7.50;  diazo  nitrogen  N  13.38,  13.33.  C7HgO^N4S. ( 0  Calculated 

N  21.53;  S  12.32;  diazo  nitrogen  N  10.77.  CjgHigOgNjS.  (11)  Calculated  N  22.94;  S  7.50;  diazo  ni¬ 
trogen  N  13.11. 

Thus,  the  elementary  analysis  confirmed  that  the  diazo  salt  had  the  formula  of  the  diazonium  salt  of  aryl- 
methyltriazen-N- sulfonic  acid (II). 

Analysis  of  the  diazo  salt  by  nitrosation.  A  sample  of  the  salt  was  dissolved  in  5  ml  of  concentrated  hydro¬ 
chloric  acid  in  the  cold  over  an  hour,  and  the  clear  solution  obtained  was  diluted  with  50  ml  of  water  and  titrated 
with  0.05  N  nitrite.  The  analysis  data  are  given  in  Table  2. 

Analysis  by  nitrosation  also  confirmed  the  formula  C^jH^gOgNTS. 

Analysis  of  the  diazo  salt  for  the  active  diazo  group  content.  A  sample  of  the  diazo  salt  was  dissolved  in 
100  ml  of  water  at  25~2T  and  was  acidified  with  one  drop  of  glacial  acetic  acid.  To  the  solution  was  added 
excess  of  a  0.05  N  solution  of  m-toluylendiamine,  it  was  mixed  for  15—20  minutes  and  then  the  excess  of  azo 
components  obtained  was  titrated  with  a  0.05  N  solution  of  p-nitrophenyldiazonium.  The  data  are  given  in 
Table  3. 
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The  results  of  the  analysis  for  the  active  diazo  group  content  again  confirmed  the  correctness  of  the  formuia 
Ci,Hi,0,N,S. 

Analysis  of  the  diazo  salt  for  the  total  diazo  group  content  by  two  methods.  Method  "a,*  A  sample  of  the 
diazo  salt  was  dissolved  in  10  ml  of  concentrated  hydrochloric  acid  and  kept  at  room  temperature  for  2  hours. 

To  the  clear  solution  was  added  excess  of  a  0.05  N  solution  of  the  azo  components,  adjusted  to  the  pH  necessary 
for  combination,  it  was  mixed  for  20  minutes  and  the  excess  of  the  azo  components  was  titrated  with  a  0.05  N 
solution  of  p-nltrop)henyldiazonium.  If  the  combination  was  carried  out  with  6-naphthol,  the  acid  solution  was 
neutralized  to  pH  7  with  bicarbonate  and  if  with  m-toluylendiamine,  then  it  was  neutralized  to  pH  4  with  sodium 
acetate. 


TABLE  2 


Sample 

Diazo 

Salt  (g) 

Amt,  0,05  N 
NaNO^  solu. 
(ml) 

Calc.  amt.  0,0  5  N  NaNO^,  based 
on  Formula  (ml) 

(I) 

(11) 

0.2901 

13.46 

22.30 

13.58 

0.2398 

11.32 

18.43 

11.22 

0.3290 

15.20 

25.28 

15.40 

TABLE  3 


Sample 

Diazo 

Salt 

(g) 

Amt.  0.05  N 
m-toluylendi^ 
amine  (ml) 

Calc,  amt.  0.05  N  n-toluylen- 
diamine,  based  on  formula  (ml) 

(1) 

(11) 

0.2976 

13.97 

22.87 

13.93 

0.2996 

13.75 

23.03 

14.02 

0.2078 

9,88 

1 

15.97 

9.73 

TABLE  4 


Method 

of 

analysis 

Sample 
of  Diazo 

0.05  N  solu. 
consumed  (ml) 

Calc.  amt.  0,05  N 
azo  compound, 
based  on  two  diazo 
residues  for  For¬ 
mula  (II)  (ml) 

Actual  amount 
consumed  as 
%  of  calc. 

salt  (g) 

0 -naph- 
thol 

m-toluyl- 

endi- 

amine 

a"  ( 

0.3481 

26.80 

32.8 

81.7 

0.2878 

21.30 

26.44 

79.1 

,  ( 

0.2901 

21.84 

27.16 

80.4 

0.2398 

18.75 

— 

22.44 

83.6 

1 

0.3290 

25.60 

30.80 

83.1 

Method  "b."  A  solution  of  a  sample  of  the  diazo  salt  in  concentrated  hydrochloric  acid  was  first  nitrosated 
quantitatively  to  destroy  the  methylsulfamic  acid,  then  a  solution  of  the  azo  component,  adjusted  to  the  required 
pH,  was  added  and  after  20  minutes  the  excess  of  the  azo  component  was  titrated  with  p-nitrophenyldiazonium. 
The  results  of  the  analyses  by  both  methods  are  given  in  Table  4. 
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The  actual  consumption  of  the  azo  components  in  method  "b"  was  slightly  higher  than  in  method  "a"  but 
did  not  amount  to  more  than  83.6%  of  tlie  amount  wiiich  should  be  consumed  by  two  diazo  groups  in  the  diazon- 
ium  salt  of  arylmethyltriazen-N-sulphonic  acid. 

2.  Synthesis  of  4- nitrophenyldiazonium  salt  of(4*-nitrophenyl)-l-methyl-3-triazensulfonic  acid-3,  from 
potassium  ( 4*- nitrophenyl)-!- methyl- 3-triazensulfonate  and  4-nitrophcnyldiazonium.  1.49gofpotassium(4*- 
-nltrophenyl)-l-methyl-3-triazensulfonate-3  was  dissolved  in  40  ml  of  water  by  moderate  heating.  On  cooling 
to  room  temperature,  part  of  the  triazene  precipitated  as  shiny  crystals.  A  previously  prepared  solution  of  4- ni¬ 
trophenyldiazonium  chloride  was  added  with  stirring  to  the  suspension.  A  fine  crystalline,  egg  yellow  precipi¬ 
tate  quickly  formed  and  under  the  microscope  a  sample  of  it  was  found  to  consist  of  yellow  needles,  which  did 
not  differ  in  appearance  from  the  crystals  of  the  diazo  salt  prepared  earlier  from  the  reaction  of  4- nitrophenyl¬ 
diazonium  with  methylsulfamic  acid  (at  pH  3).  The  diazo  salt  synthesized  by  the  new  method  showed  exactly  . 
the  same  properties  as  that  prepared  by  the  previous  method  after  recrystallization  from  water,  drying  and  stor¬ 
age.  Final  confirmation  of  the  identity  of  the  two  diazo  salts  was  given  by  analyses  of  the  newly  prepared  pro¬ 
duct. 

Found  %;  N  22.69;  S  7.48.  CijHiaOgNTS.  Calculated  %:  N  22.94;  S  7.50. 

3.  Reaction  of  methylsulfaminic  acid  with  3-nitrodiazobenzene  in  a  mineral  acid  medium.  3.28  g  of  potassium 
methylsulfamate  was  dissolved  in  8-9  ml  of  water  and  externally  cooled  to-?.  With  stirring,  to  this  solution 
was  added  a  previously  prepared  (by  the  method  described  for  4- nitrophenyldiazonium)  hydrochloric  acid  solution 
of  0.02  N  3- nitrophenyldiazonium,  cooled  to-4".  After  mixing  the  two  solutions,  the  temperature  was—?  and 
the  pH  1.5— 1.6.  After  5-6  minutes  stirring,  a  flocculent,  pale  yellow  precipitate  with  a  brown  tint,  which  formed, 
was  filtered  off  and  rejected  as  it  was  not  a  sufficiently  homogeneous  substance.  On  further  stirring,  and  gradually 
raising  the  temperature  to  that  of  the  room,  there  quite  quickly  formed  a  voluminous  precipitate  of  a  pure  light 
yellow  color,  after  which  the  solution  turned  into  a  paste.  The  precipitate  was  immediately  filtered  off  and 
pressed  out.  During  the  following  3-4  hours,  the  mother  liquor  continued  to  deposit  crystals,  which  were  filtered 
and  pressed  out  as  they  were  formed,  as  wlicn  the  diazo  salt  formed  was  allowed  to  stand  for  long  in  the  mother 
liquor  it  became  brown  and  rather  impure.  After  standing  overnight,  the  remaining  filtrate  deposited  additional 
precipitate,  but  it  was  not  completely  homogeneous.  All  the  intermediate  fractions  of  crystals  obtained  were 
washed  first  with  ice  water,  acidified  with  hydrochloric  acid,  and  then  with  ether,  pressed  out  well  on  an  un¬ 
glazed  porcelain  plate  and  dried  in  a  desiccator  overnight  over  solid  alkali. 

The  diazo  salt  obtained  was  pale  yellow  crystals,  which  appeared  as  very  elongated,  flat,  quadrangular  plates 
under  the  microscope.  The  aqueous  solution  of  the  diazo  salt  was  almost  neutral  (pH  6. 5-6. 8),  did  not  contain 
sulfate  or  chloride  ions  and  gave  a  reaction  for  an  active  diazo  group  with  H  acid.  The  solubility  of  the  diazo 
salt  in  water  was  very  low.  Attempts  to  recrystailize  it  from  water  by  the  method  described  for  the  diazo  salt 
from  4-nitrodiazobenzene  and  methylsulfamic  acid,  did  not  achieve  the  desired  result  as  there  was  too  little 
difference  between  the  solubilities  at  the  moderate  temperatures,  which  had  to  be  maintained  to  prevent  decom¬ 
position  of  the  product.  It  was  also  impossible  to  recrystallize  the  diazo  salt  without  decomposition  from  alcohol, 
acetone  and  other  solvents,  acidified  with  mineral  or  organic  acids.  However,  the  intermediate  fractions  of  the 
diazo  salt,  obtained  as  described  above,  were  reasonably  pure  for  the  purpose  of  analysis. 

In  contrast  to  the  4- isomer,  the  diazo  salt  from  3-nitrodiazobcnzene  and  methylsulfamic  acid  was  relatively 
stable  and  it  was  possible  to  store  it  in  a  desiccator  in  the  dark  for  4-7  days  without  decomposition.  On  storing 
longer,  it  began  to  turn  brown  and  change  its  properties  and  composition. 


TABLE  5 


Sample  of 
Diazo  Salt 

Amount  of 

0.05  N  nitrite 

(ml) 

Calculated  amount  of  0.05  N 
nitrite  (ml) 

(g) 

(I) 

1  (li) 

0.1987 

9.90 

15.27 

9.71 

0.1131 

5.51 

8.69 

5.53 
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The  dlazo  salt  was  sensitive  to  light  but  to  a  relatively  lower  degree  than  the  diazo  salt  from  4-nitrodiazoben- 
zene. 

Found’e^:  N  S3. 35,  23.54;  S  7.65,  7.8;  diazo  nitrogen  N  13.52,  13.88.  C7HgC%N4S.  Calculated  %; 

N  21.53;  S  12.32;  diazo  nitrogen  N  10.77.  C13H13O8N7S.  Calculated  %:  N  23.95;  S  7,83;  diazo  nitrogen 
N  13.69. 

Consequently,  the  elementary  analysis  confirmed  the  formula  of  the  3- nitrophenyldiazonium  salt  of(3’-nl- 
trophenyl-methyltriazen-N- sulfonic  acid)  Ci3Hi30gN7S. 


TABLE  6 


Sample  of 
Diazo  salt 

Actual  amount 
of  0.05  N 

6 -naphthol 
solution  (in  ml; 

Calculated  amount  of  0.05  N 

6  -naphthol  solution  (in  ml) 

(g) 

(I) 

(H) 

0.2187 

0.3093 

11.10 

15.95 

i 

16.81 

23.77 

1 

10.69 

15.11 

Analysis  of  the  diazo  salt  by  nitrosation.  A  sample  of  the  salt  was  dissolved  in  20  ml  of  concentrated  hydro¬ 
chloric  acid  and  75  ml  of  water  and  titrated  with  0.05  N  nitrite  solution  at  room  temperature.  The  results  ob¬ 
tained  are  given  in  Table  5. 

Analysis  of  the  diazo  salt  for  the  active  diazo  group  content.  A  sample  of  the  salt  was  ground  up  into  a 
paste  and  dissolved  in  150  ml  of  distilled  water  at  25°.  The  diazo  salt  solution  was  added  to  excess  of  a  0.05  N 
solution  of  B-naphthol,  neutralized  to  pH  7  with  acetic  acid,  stirred  for  15—20  minutes  and  the  excess  6-naph- 
thol  titrated  with  a  0.05  N  solution  of  p- nitrophenyldiazonium.  The  results  obtained  are  given  in  Table  6. 

Analysis  of  the  diazo  salt  for  the  total  diazo  group  content.  A  sample  of  the  salt  was  dissolved  in  120  ml 
of  water,  acidified  with  1.0— 1.5  ml  of  concentrated  hydrochloric  acid.  To  the  solution  was  added  excess  of  a 
0.05  N  solution  of  6-naphthol,  slightly  acidified  with  acetic  acid,  sodium  bicarbonate  was  added  until  the  pH 
was  7  and  it  was  combined  by  stirring  with  the  6-naphthol  for  15—20  minutes.  After  this,  the  excess  6-naphthol 
was  titrated  with  0.05  N  p- nitrophenyldiazonium  solution  (Table  7). 


TABLE  7 


Sample  of 

Actual  amt. 

Calculated 

Ratio  of  actual 

Diazo  salt 

to  calculated 

(g) 

3  -naphthol  for 
[inimll 

amount  (In  <%) 

0.3048 

29  47 

29.78 

99.0 

0.1135 

10.78 

11.09 

97.2 

Thus,  analyses  for  the  content  of  methylsulfamic  acid  residues,  active  diazo  groups  and  total  diazo  groups 
confirm  the  formula  C13H11O7N7S. 

4.  Reaction  of  methylsulfamic  acid  with  2-nitrodiazobenzenc  in  an  acid  medium.  A  suspension  of  1.38  g 
of  2- nitroaniline  in  7.1  ml  of  hydrochloric  acid  (containing  154  g/liter  of  HCl)  was  externally  cooled  to  0”  and 
while  it  was  stirred,  first  5-6  g  of  finely  crushed  ice  and  then  in  one  addition,  2.1  ml  of  5  N  potassium  nitrite 
solution  was  added.  After  10  minutes,  the  almost  clear  solution  was  filtered  to  remove  the  slight  suspension, 
the  excess  nitrous  acid  destroyed  by  the  addition  of  a  solution  of  sulfamic  acid  and  it  was  cooled  to—?. 

The  solution  of  ^nitrodiazobenzene  was  added  to  a  solution  of  1.56  g  of  potassium  methylsulfamate  in 
7  ml  of  water,  cooled  to— 4°. 


As  the  solution  remained  transparent  for  20—25  minutes,  sodium  bicarbonate  was  slowly  added  to  it  until 
tlic  pH  reached  3.  This  produced  an  orange- browm  precipitate,  which  was  immediately  filtered  off.  It  seemed 
very  small  and  tarry.  Later,  the  mother  liquor  deposited  fresh  precipitate,  which  at  once  turned  to  tar  on  the 
filter.  Attempts  to  purify  the  precipitates  collected  were  unsuccessful. 

5.  Reaction  of  potassium  (  2*- nitrophenyl)-!- methyl- 3- triazensulfonate- 3  with  2-nitrodiazobenzene.  To 

a  solution  of  i.5  g  of  potassium (2*- nitrophenyl)-!- methyl- 3- triazensulfonate- 3  in  50  ml  of  water,  cooled  to  0“, 
was  added  an  equivalent  amount  of  a  cold  solution  of  2-nitrophenyldiazonium  chloride  with  stirring.  A  quite 
large,  liglit  yellow  precipitate  was  quickly  formed,  but  it  at  once  began  to  decompose  and  deposit  a  brown, 
tarry  substance  on  the  walls  of  the  vessel.  Attempts  to  isolate  the  yellow  precipitate  quickly  after  its  formation 
or  at  least  to  examine  it  under  the  microscope  were  unsuccessful  due  to  the  high  rate  of  decomposition. 

6.  Reaction  of  methylsulfamic  acid  with  4-nitro-2-chlorodiazobenzene  in  an  acid  medium.  1.73  g  of  4- 
nitro-2-chloroaniline  and  5.5  ml  of  hydrochloric  acid  (containing  265  g/liter  of  HCl)  were  stirred  on  a  boiling 
water  batli  until  a  homogeneous  mass  formed,  then  it  was  cooled  externally  to  0”,  4-5  g  of  finely  crushed  ice 
was  added  to  lower  the  temperature  to-6“  and  2.1  ml  of  5  N  sodium  nitrite  solution  was  added.  The  suspension, 
which  was  converted  into  a  solution  after  8—10  minutes  stirring,  was  filtered,  the  excess  nitrous  acid  destroyed 
by  the  addition  of  sulfamic  acid  and  it  was  cooled  to— 2°. 

A  solution  of  1.56  g  of  potassium  methylsulfamate  in  4  ml  of  water,  cooled  to-6”,  was  added  to  the  cold 
solution  of  4-nitro- 2-chlorophenyldiazonium  chloride.  The  turbid  solution  immediately  deposited  a  yellow- 
brown  precipitate.  At  the  same  time  tlie  evolution  of  gas  began.  On  the  surface  of  the  reaction  mixture  and  on 
the  walls  of  the  vessel  a  reddish  brown  tar  began  to  deposit.  After  several  minutes  of  stirring,  all  the  precipitate 
turned  into  a  lump  of  a  tarry  material.  The  tar  separated  from  the  solution  swelled  up  on  standing,  evolved  gas 
and  at  the  same  time  changed  color  from  reddish  brown  to  a  dark  tobacco  color. 

In  order  to  free  the  tar  from  the  mother  liquor,  which  gave  a  reaction  for  active  diazo  groups,  it  was  washed 
with  water,  when  it  became  very  yellow.  Samples  no  longer  combined  with  H-'acid  in  the  cold  or  on  heating 
(both  in  acid  and  neutral  media),  which  indicated  that  they  no  longer  contained  diazo  groups.  With  aqueous 
and  alcohol  solutions  of  alkali  hydroxides  the  tar  did  not  give  colors,  which  indicated  the  absence  of  nitrodiaryl- 
triazene. 

On  acidifying  a  sample  of  the  tarry  substance  with  hydrochloric  acid,  and  adding  nitrite,  a  diazo  compound 
was  formed,  which  combined  with  H  acid  to  form  a  violet-red  azo  dye,  which  acquired  a  pure  blue  tint  on  adding 
alkali,  i.  e.,  it  was  4-nitro-chlorodiazobenzene.  Consequently,  the  tarry  material  contained  4-nitro-2-chloro- 
a  inline. 

7.  Reaction  of  potassium (4*-nitro-2*-chloro)-l-methyl-3-triazensulfonate-3  with  4-iiitro- 2-chlorodiazo- 
benzene.  To  a  concentrated  aqueous  solution  of  potassium(4'-nitro-2'-chloro)-l-methyl-3-triazensulfonate-3 
was  added  an  equivalent  amount  of  4-nitro-2^hlorophenyldiazpnlum  at  0*.  Immediately,  a  copious  light 
yellow  precipitate  formed,  immediately  began  to  dissolve  and  disappeared  after  a  few  seconds.  At  the  same 
time,  a  brown  tarry  deposit  formed  on  the  walls  and  the  solution  became  turbid.  Attempts  to  isolate  the  initially 
formed  liglit  yellow  precipitate  or  at  least  to  examine  it  under  the  microscope,  were  in  vain  as  the  diazo  salt  from 
4-nitro- 2- chlorodiazobenzene  and  methylsulfamic  acid  was  unstable  under  the  experimental  conditions. 

SUMMARY 

1.  The  reaction  of  methylsulfamic  acid  with  nitroaryldiazo  compounds  was  investigated  in  acidic  media 
and  it  was  shown  that  under  these  conditions  diazonium  salts  of  aryl- 1- methyl- 3- triazensulfonic  acids- 3  were 
formed. 

2.  It  was  established  that  the  synthesis  of  diazonium  salts  of  aryl- 1- methyl- 3- triazensulfonic  acids- 3  may 
also  be  carried  out  by  the  exchange  reaction  between  a  diazonium  chloride  and  potassium  salts  of  aryl-l-methyl- 
3- triazensulfonic  acids- 3. 

3.  The  properties  and  decomposition  reactions  of  the  diazonium  salts  of  aryl- 1- methyl- 3- triazensulfonic 
acids- 3  were  studied.  It  was  shown  that  their  stability  falls  with  an  increase  in  the  electrophilic  nature  of  the 
substituents  in  the  nucleus  of  the  diazo  radicals  in  their  composition. 
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HYDROPHILIC  PROPERTIES  AND  HEATS  OF  SWELLING  OF  CHITIN 


N.  I.  Klenkova  and  E.  A.  Plisko 


In  spite  of  the  widespread  distribution  of  chitin  in  nature,  its  properties  have  been  studied  but  little.  In  re¬ 
cent  years,  the  work  of  S.  N.  Danilova  and  E.  A.  Plisko  have  contributed  a  great  deal  to  the  study  of  the  proper¬ 
ties  of  chitin  and  to  the  preparation  of  a  series  of  its  derivatives  [1—3],  The  results  of  this  work  indicate  the 
real  possibility  of  using  chitin  practically  in  the  form  of  derivatives  for  the  preparation  of  finishes,  films  and 
fibers. 

The  macromolecules  of  chitin  are  constructed  similarly  to  cellulose  and  differ  only  in  that,  in  each  glucose 
ring,  one  of  the  hydroxyl  groups  of  a  secondary  carbon  atom  is  substituted  by  an  acetylamino  group.  In  spite  of 
the  close  similarity  of  the  chemical  structures  of  the  cellulose  and  chitin  macromolecules,  they  differ  noticeably 
in  reactivity.  In  contrast  to  cellulose,  chitin  does  not  swell  much  in  alkali  solutions,  does  not  dissolve  in  a  cu- 
prammonium  solution  and  forms  ethers  and  esters  much  less  readily. 

On  the  basis  of  the  investigations  carried  out,  it  seems  likely  that  the  large  difference  in  reactivity  of  chitin 
and  cellulose  is  due  not  only  to  the  presence  of  the  acetylamino  group  in  chitin  which  replaces  part  of  the  re¬ 
activity  of  the  hydroxyl  groups,  but  also  to  the  properties  of  their  submicroscopic  structure. 

It  was  shown  in  the  papers  by  S.  N.  Danilova  and  E.  A.  Plisko  [1,  2]  that  by  repeatedly  freezing  and  defreez¬ 
ing,  chitin  in  alkali  solutions  is  not  only  swelled  much  more  but  could  also  be  wholly  dissolved  in  the  alkali.  The 
authors*  explanation  of  this  process  was  that  the  structure  of  chitin  became  friable,  analogous  to  the  phenomenon 
observed  in  cellulose  fibers. 

The  study  of  cellulose  fibers  showed  tliat  their  hydrophilic  properties  could  give  an  idea  of  the  state  of  the 
fiber  structure,  density  of  packing  of  the  chain- like  cellulose  molecules  and  characterize  the  possible  reactivity 
fiber  in  a  number  of  cases  [4].  It  would  be  of  considerable  interest  to  study  these  properties  for  chitin  so  as  to 
characterize  its  structure. 

The  purpose  of  this  work  was  to  study  the  hydropliilic  properties  and  heats  of  swelling  of  chitin  and  to  com¬ 
pare  them  with  analogous  data  for  cellulose  fibers. 

EXPERIMENTA  L 

For  the  investigation  we  used  chitin  from  crab  shells,  purified  as  described  earlier  [1].  We  carried  out  de¬ 
terminations  of  the  hygroscopicity  at  relative  humidities  of  65  andl00*7o,  the  amount  of  unfrozen  water  in  chitin 
after  its  saturation  \vith  water  vapor,  the  heat  of  wetting  with  water  and  the  heat  of  swelling  in  sodium  hydroxide 
solutions.  As  the  value  of  the  specific  heat  capacity  of  the  material  investigated  needed  to  be  known  for  calcu¬ 
lating  the  amounts  of  unfrozen  water  in  it  [5],  it  was  determined  calorimetrically  for  chitin  as  well.  For  this 
a  sample  of  chitin  was  dried  in  vacuum  over  phosphorus  pentoxide,  cooled  to  a  definite  temperature  and  then 
placed  in  the  calorimeter  in  a  sealed  tube.  The  specific  heat  capacity  of  chitin  was  derived  from  the  heat  effect 
of  the  calorimeter  by  the  appropriate  calculations.  The  measurements  carried  out  showed  that  the  specific  heat 
capacity  of  chitin  is  somewhat  higher  than  that  of  cellulose  and  is  0.373  i  0.03  cal/g/degree. 

The  results  of  determining  the  hygroscopic ity  of  chitin  and  the  amount  of  unfrozen  water  in  it  after  satura¬ 
tion  with  water  vapor  at  iOQf’Jo  relative  humidity  are  given  in  Table  1;  for  comparison  we  also  give  the  values 
for  cellulose  fibers  from  ramie  and  mercerized  viscose  wood  cellulose,  whose  hygroscopicity  is  very  close  to  that 
of  chitin. 
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It  can  be  seen  from  the  data  in  Table  1  that  chitin  has  a  hygroscopicity  close  to  that  of  mercerized  cellu¬ 
lose  fibers  and  considerably  greater  than  that  of  ramie  fibers.  However,  the  moisture  absorbed  by  the  chitin  Is 
almost  wholly  frozen  at -6*,  while  ramie  fibers  still  retain  12.5%  of  the  water  and  the  mercerized  wood  cellu¬ 
lose  fibers—  26.27o. 


TABLE  1 

The  Hydrophilic  Properties  of  Chitin  and  Cellulose  Fibers 


Material  investiga¬ 
tion 

Hygroscopicity  (in 
%  of  wt.  of  dry 
material  at  relative 
humidity) 

Amount  of  unfrozen 
water  at  -  6’  after 
saturation  at  100% 
rel.  humidity  (in  % 
of  wt.  of  dry 
material) 

65% 

100% 

Chitin 

8.9 

34.7 

1.4 

Ramie  fibers 

5.5 

19.7 

12.5 

Mercerized  viscose 
wood  cellulose 
fibers 

8.96 

32.6 

26.2 

As  water  molecules  are  most  securely  retained  on  an  active  inner  surface  of  a  hygroscopic  material,  the  results 
given  indicate  that  the  chitin  surface  is  less  active  and  permeable  to  water  in  comparison  with  cellulose  fibers. 
The  moisture  absorbed  by  chitin  is  probably  in  coarser  capillaries,  from  which  it  is  readily  frozen  when  the  tem- 
(>erature  is  lowered  to -6". 

The  values  of  the  heat  of  swelling  of  chitin  and  cellulose  fibers  in  water  and  alkali  solutions  are  given  in 
Table  2. 

Chitin  that  is  air  dried  and  dried  at  105’  very  readily  becomes  wet  with  water  and  the  calorimetric  measure- 
^  ments  take  several  minutes.  Air  dried  chitin  also  reacts  very  readily  with  solution  of  sodium  hydroxide  in  con- 

•  centrations  of  up  to  23%.  Cellulose  fibers  behave  similarly;  then  readily  become  wet  and  swell  and  the  equilib¬ 

rium  temperature  is  rapidly  established  in  the  calorimeter.  The  alkali  reaction  for  both  chitin  and  cellulose 
proceeds  very  slowly  in  Iiigher  concentrations  of  sodium  hydroxide  (34.5%).  Thus,  the  equilibrium  in  the  calori- 
meter  is  established-^  an  hour  after  immersion  in  the  alkali  solution  for  cellulose  fibers  and  it  takes  1  hour  10 
minutes  for  chitin.  Dried  chitin  does  not  become  wet  readily  even  in  the  lower  concentrations  of  sodium  hydrox¬ 
ide  and  due  to  this,  the  calorimetric  data  cannot  be  reliable.  Taking  the  above  into  consideration,  the  heats  of 

swelling  were  measured  without  drying  the  chitin,  i.  e.,  with  some  amount  of  absorbed  moisture  in  it. 


TABLE  2 

Heats  of  Swelling  of  Chitin  and  Cellulose  Fibers  in  Water  and  in  Solutions  of  Sodium 
Hydroxide  (20*) 


Material 

investigated 

Moisture  in 
air-dried 
state  (in  %) 

Heat  of  swelling  (cal/g) 

in  water  j 

In  solutions  of  NaOH  (for  air-dried 
samples)  at  the  concentrations  of 
Na(^in 

sample  dried 
at  105’ 

air  dry 
sample 

8 

1 

12 

1 

1 

17.5 

23 

34.5 

Chitin 

8.90 

12.4 

3.3 

1 

.3.8 

6.7 

8.6 

76.9 

Ramie  fibers 

5.50 

11  9 

3.7 

8.8 

21.5 

28.1 

63.3 

Mercerized 

viscose  wood 

cellulose 

fibers 

8.96 

17.3 

4.5 

13.9 

22.5 

26.8 

54.7 
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The  data  in  Table  2  show  that  the  heat  of  wetting  of  chitin  by  water  is  almost  the  same  as  the  value  for 
ramie  fibers  and  is  less  than  that  for  mercerized  cellulose.  However,  the  air- dried  cellulose  fibers  swell  con¬ 
siderably  in  the  reaction  with  sodium  hydroxide  and  the  heat  effect  of  swelling  in  alkalis,  even  in  low  concen¬ 
trations,  is  much  greater  than  the  value  for  the  heat  of  wetting  in  water.  Chitin,  however,  reacts  very  little 
with  solutions  of  sodium  hydroxide  in  concentrations  of  up  to  17.5  7oJ  the  heat  effect  simply  coresponds  to  the 
values  of  its  wetting  by  water  in  the  air -dried  state.  This  effect  increases  slightly  in  17.5  and  23'yo  solutions  of 
sodium  hydroxide  and  increases  sliarply  in  a  34.5’/<)  solution,  even  exceeding  the  values  for  cellulose  fibers.  It 
is  possible  that  this  is  due  to  splitting  out  of  acetyl  groups,  which  occurs  in  concentrated  solutions  of  sodium 
hydroxide.  Independent  experiments  were  carried  out  with  a  chitin  sample  from  which  some  of  the  acetyl  groups 
had  been  removed  by  treatment  with  a  30^70  solution  of  sodium  hydroxide  at  -30"  (the  sample  contained  4.747o 
amino  nitrogen  and  6.467n  acetyl  groups  as  compared  with  the  original  chitin  sample,  which  had  6.417o  N  and 
20'y<)  acetyl  groups).  This  chitin  reacted  somewhat  more  readily  with  sodium  hydroxide  solutions.  Thus,  for 
example,  its  heat  of  reaction  with  a  17.57o  sodium  hydroxide  solution  was  11.0  cal/g,  while  with  a  34.57o  solu¬ 
tion  it  was  101;3  cal/g.  The  freezing  of'the  chitin  in  alkali  in  preparing  this  sample  probably  made  its  structure 
more  friable  and  more  permeable  to  sodium  hydroxide. 

SUMMARY 

1.  The  specific  heat  capacity  of  chitin  is  close  in  value  to  that  of  cellulose  fibers  and  is  0.373 i  0.03  cal/ 
g/degrec. 

2.  Moisture,  absorbed  at  lOO^o  relative  humidity,  by  chitin,  in  contrast  to  cellulose  fibers,  freezes  almost 
completely  which  indicates  that  chitin  lacks  a  large  active  inner  surface  where  the  water  molecules  would  be 
securely  held. 

3.  A  study  of  the  heat  of  swelling  of  chitin  in  solutions  of  sodium  hydroxide  ( concentrations  up  to  23%)  in¬ 
dicated  that  the  hydroxyl  groups  in  chitin  do  not  react  readily  with  NaOH  molecules.  The  data  obtained  show 
that  the  structure  of  chitin  is  less  accessible  to  reagents  than  the  structure  of  cellulose  fibers,  which  is  directly 
related  to  the  low  reactivity  of  chitin  in  esterification. 
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CATALYTIC  HY  DROG  ENOLY  SIS  IN  FURAN  COMPOUNDS 


N.  I.  Shuikin  and  I.  F.  Belsky 


The  investigation  of  the  hydrogenolysis  of  furan  and  of  its  closest  homologs  that  we  had  undertaken,  showed 
that  this  reaction  may  be  used  for  preparing  certain  difficultly  accessible  alcohols  and  ketones  of  the  aliphatic 
series.  As  is  known,  a-alkenylfurans  may  be  obtained  from  furfurol  and  lower  alkyl  halides,  as  a  result  of  the 
following  reactions : 


I  |-CHOH-CH,R 


AI.O, 

380° 


— CH=CHR. 


A  while  ago,  one  of  us  [1—5]  found  the  optimal  conditions  for  the  smooth  catalytic  hydrogenation  of  furan 
and  a  series  of  its  homologs  in  the  vapor  phase  under  normal  pressure  with  quantitative  yields  of  the  corresponding 
tetrahydrofurans.  Further  investigations  [6,  7]  showed  that  hydrogenolysis  of  the  furan  ring  with  the  formation  of 
alcohols  and  ketones  of  the  aliphatic  series  occurred  at  temperatures  higher  than  the  optimal. 

It  was  established  ( in  agreement  with  Connor  and  Adkins  [8])  that  the  furan  ring  undergoes  hydrogenolysis 
much  more  readily  than  that  of  tetrahydrofurans.  Using  furan  and  its  closest  homologs  as  examples,  we  investi¬ 
gated  the  relative  capacity  of  the  C-O  and  C-C  bonds  of  the  ring  for  hydrogenolysis. 

In  this  work  we  studied  the  reactions  of  «- isobutyl-,  a-isobutenyl-  and  a"pentenylfuran  during  their  hydro¬ 
genation  on  a  Raney  nickel  catalyst  at  normal  pressure.  We  thus  found  that,  in  agreement  with  our  previous  ob¬ 
servations,  the  hydrogenation  of  these  compounds  at  175*  resulted  mainly  in  the  formation  of  aliphatic  alcohols 
and  ketones—  the  products  of  hydrogenolysis  of  the  furan  ring; 


CHyCHgCHaCHOH-R 
CH3CH2CHOH-R  -4-  CH4 


where  R^  is  isobutyl,  isobutenyl  or  peiitenyl,  while  R  is  isobutyl  and  n-amyl. 

The  hydrogenation  of  a’isobutyl-,  a-isobutenyl-  and  a“pentenylfuran  was  carried  out  in  a  flowing  system 
over  a  Raney  nickel  catalyst  in  excess  hydrogen  at  175*.  The  input  rate  of  the  material  from  an  automatic  buret 
was  0.06  hr.  ,  The  catalyst  was  prepared  by  incomplete  dissolving  out  of  the  aluminum  with  dilute  sodium 
hydroxide  from  a'Ni-Al  alloy  which  contained  27^0  Ni,  using  the  method  described  earlier  by  one  of  us  [5]. 

a"Isobutenyl-  (in)  and  a"isobutylfuran(II)  were  obtained  as  a  result  of  the  following  reactions; 


•  t 


«l 


iso  -CjHiMyBr 


a 


CH0H-CH(CH3)2 


Al.o,^ 

350—4000 


I-CH2CH(CH3)2  -+- 


CH=C(CH3)2. 


Paul  [9]  showed  that  together  with  alkenylfurans,  alkylfurans  were  also  formed  in  the  dehydration  of  alkyl- 
furylcarbinols. 

a-Pentenylfuran (IV)  was  synthesized  by  the  following  scheme: 


n^c.H.Mg^  I  I 

I  J-CH0HCH.,CH2CH2CH3 

_ 

II  II-CH-=CHCH2CH2CH3 

(IV) 


AI,0, 

360—4000 


a"Isobutyl-,  a-isobutenyl-  and  ccpentenylfurans  in  the  presence  of  Raney  nickel  catalyst  at  175”  were 
converted,  on  the  one  hand,  into  the  corresponding  a-alkyltetrahydrofurans  and  on  the  other,  underwent  splitting 
of  the  furan  ring  with  the  formation  of  aliphatic  alcohols  and  ketones.  By  hydrogenating  a-isobutyl-,  a"isobu- 
tenyl-  and  a"pentenylfurans  under  the  conditions  adopted,  26,  19  and  257o  yields  of  ot-alkyltetrahydrofurans 
were  obtained,  respectively.  In  this  way  the  main  part  of  the  catalysates  obtained  consisted  of  products  of  the 
hydrogenolysis  of  the  furan  ring. 

As  shown  by  us  earlier  [6,  7],  furan  homologs  that  have  either  an  alkyl  or  alkenyl  substituent  in  the  «- posi¬ 
tion,  undergo  hydrogenolysis  of  the  ring  mainly  with  breaking  of  the  C-O  bond  1—5  and  conjugated  breaking 
of  the  bonds  1—5  and  4—5. 


The  results  of  this  investigation  confirmed  anew  these  rules  governing  the  hydrogenolysis 
of  the  furan  ring. 

In  agreement  with  the  data  in  the  previous  paper,  the  hydrogenolysis  of  the  compounds  in¬ 
vestigated  proceeded  mainly  by  the  splitting  of  the  furan  ring  at  the  C-O  bond  1—5,  as  well  as 
by  the  conjugated  breaking  of  the  bonds  1—5  and  4—5.  Here,  secondary  alcohols  and  ketones 
corresponding  to  them  were  formed. 


H  ^e^ng^f_tond^l^  ^H^ChxH2CHOHCH2CH(CH3)2 


— C  H, 


5^  JLCH=C(CH3)2  XconiugatedJjieaking^  CH3CH2CHOHCH2CH(CH3)2-4-CH., 
of  bond  1-5  and  4-5 


„ Jxea^^of  bond^  CH3CH2CH2CHOHCH2CH2CH2CH2CH3 

H, 


\  /  -  CH:=CHCH2CH2CH3\Qpnjur^tQdJ?ma|^-  CH3CH2CHOHCH2CH2CH2CH2CH3  -4-  CH4 
9  an^4-5 


The  primary  alcohols,  which  could  have  formed  as  a  result  of  the  hydrogenolysis  of  the  C-O  bond  1—1,  next 
to  the  substitutent,  either  were  practically  absent  or  were  contained  in  the  reaction  products  in  very  small  amounts. 
The  reason  for  this  can  be  found  in  the  screening  effect  of  the  side  group  on  the  adjacent  C-O  and  C=C  bonds. 

The  comparative  hydrogenolysis  of  a-isobutyl-  and  a“isobutenylfuran  carried  out  under  identical  conditions. 
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showed  that  the  unsaturated  side  chain,  in  comparison  with  its  saturated  analog,  increased  somewhat  the  capacity 

of  the  furan  ring  for  hydrogenolysis.  The  degree  of  splitting  of  the  ring  in  a -isobutyl-  and  a-lsobutenylfuran  was 
74  and  81<^f)  respectively. 

EXPERIMENTA  L 

Isopropyl  -g-furylcarbinol  (0,  was  prepared  (450  g)  by  a  Grignard  reaction  between  furfurol  and  isopropyl 
bromide  in  73%  yield  and  had  the  following  properties ; 

B.p.  66-68“(3  mm),  d?  1.0297,  n^  1.4791,  MRq  38.6.  CgHjA.  calc.  39.2. 

The  dehydration  of  isopropyl- o-furylcarbinol  was  carried  out  over  aluminum  oxide  at  350-400*  with  a  vol¬ 
ume  rate  of  0.3  hours  "t.  The  catalysate  obtained  was  separated  off  from  the  water,  dried  with  potash,  heated 
to  boiling  with  sodium  in  a  flask  with  a  reflux  condenser  for  3  hours  and  then  fractionally  distilled  on  a  column 
with  an  efficiency  of  30  theoretical  plates.  In  agreement  with  Paul's  data  [9],  we  isolated  «- isobutyl-  and  «- 
isobutenylfurans  from  the  catalysate. 

g- Isobutylfuran ( II)  had  the  following  properties: 

B.p.  128-128.5*  (750  mm),  d^*  0.8785,  nf)  1.4415,  MRj^  37.4.  CgHjA  calc.  37.6. 

a-lsobutenylfuran ( III)  had  the  following  properties : 

B.p.  155-156*  (750  mm),  d?  0.9416  ,  n^  1.5140.  MRq  39.06.  CgHioO.  calc.  37.2. 

The  yields  of  g-isobutyl-  and  g- isobutenylfurans  were  17  and  60%  respectively,  calculated  on  the  starting 
isopropylng-  furylcarbinol. 

The  conditions  of  synthesis  of  g-pentenylfuran,  the  methods  of  purification  and  isolation  of  the  final  pro¬ 
duct  were  the  same  as  in  the  previous  case. 

n- Butyl- g- furylcarbinol ( 350  g)  was  prepared (68%  yield)  and  had  the  following  constants: 

B.p.  113-114“  (10  mm),  df  1.0035,  ng  1.4784,  MRp  43.52.  CgH^Og.  calc.  43.80. 

g-Pentenylfuran,  prepared  in  67%  yield,  had  the  following  constants: 

B.p.  60-60.5“  (7  mm),  df  0.9176,  ng  1.5006.  MR^  43.7.  CgHigO.  calc.  41.8. 

Hydrogenation  of  g-isobutyl-  and  g-isobutenylfuran.  The  experiments  on  the  hydrogenation  of  g-isobutyl- 
and  g-isobutenylfuian  were  carried  out  under  the  same  conditions  so  as  to  elucidate  the  effect  of  the  unsaturated 
bond  on  the  capacity  of  the  furan  ring  to  undergo  hydrogenolysis.  In  the  reactions  we  used  170  g  of  g-isobutenyl- 
furan  and  50  g  of  g- isobutylfuran.  The  hydrogenation  products  obtained  (165  g  of  catalysate  from  the  g-iso- 
butenylfuran  and  48  g  of  catalysate  from  the  g-isobutyl  fur  an)  were  distilled  then  on  a  column  with  an  efficiency 
of  30  theoretical  plates.  The  individual  substances  isolated  during  the  course  of  the  distillation  were  identified 
by  the  determination  of  the  physical  constants  and  in  some  cases  by  preparing  derivatives.  The  relative  content 
of  individual  substances  in  intermediate  fractions  was  determined  from  the  value  of  the  refractive  index. 

The  hydrogenolysis  products  of  g- isobutylfuran  amounted  to  74%  and  the  ring  of  g-isobutenylfuran  was 
split  81%  under  the  same  conditions.  The  remaining  part  of  the  catalysates  consisted  of  g-isobutyltetrahydro- 
furan(26  and  19%  respectively).  The  relative  composition  of  the  hydrogenolysis  products  of  g-isobutyl-  and  a- 
isobutenylfuran  was  the  same. 

The  following  compounds  were  isolated  from  catalysate  obtained  by  hydrogenation  of  g-isobutenylfuran 
(the  yield  is  given  in  weight  %  of  the  catalysate) : 

1)  2-Methylhexanone-4(  14%) : 

B.p.  135-135.5(758  mm)C10],  d^*  0.8120,  n^  1.4070,  MRd  34.61.  C7H14O.  calc.  34.54. 
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Semicarbazone,  m.p.  152°. 

2)  2-Melhylhexanol-4(8<7() : 

B.p.  147-i48‘(758  mm)[ll],  d?  0.8331,  1.4220,  MRp  35.44.  C,Hi,0.  calc.  36.05.  * 

3)  a*Isobutyltetrahydrofuran(19o7o) : 

B.p.  149-150*  (755  mm),  d^*  0.8484,  1.4265,  MR^  38.70.  CjHjjO.  calc.  38.59. 

4)  2-Methylheptanone-4(25^(): 

B.p.  154.5-155* (752  mm)[l23,  d^*  0.8122,  1.4100,  MRp  39.11.  CjHigO.  calc.  39.16. 

Semicarbazone,  m.p.  124*. 

*  5)  2-Methylheptanol-4(  30%)  ; 

B.p.  164-164.5*  (752  mm)  [13],  d^  0.8162,  n“  1.4220,  MR^  40.54.  CgHigO.  calc.  40.67. 

6)  Fractions  with  b.p.  90-105*  and  120— 125*  (4—  5%),  which  on  treatment  with  semicarbazide  gave  semicar- 
bazones  with  m.p.  136.5*  and  109—110*,  indicating  the  presence  of  small  amounts  of  pentanone-3  and  hexanone 
-3  in  these  fractions. 

Hydrogenation  of  g-pentenylfuran.  The  investigation  of  the  products,  obtained  from  the  hydrogenation  of 
200  g  of  a-pentenylfuran,  was  carried  out  in  the  same  way  as  in  the  previous  experiment.  The  following  com¬ 
pounds  were  isolated  and  identified  from  the  catalysate (192  g)(the  yield  is  given  in  weight  %  of  the  catalysate): 

1)  CX:tanone-3(117c) ; 

B.p.  168-168.5*  (750  mm)  [14],  d^*  0.8264,  n^  1.4178,  MR^  39.06.  CgHigO.  calc.  39.16. 

•ii  ^ 

at'l 

•  Semicarbazone  m.p.  92-93*. 

I"  2)  Octanol-3(3.3%)! 

*11  B.p.  175-176*  (745  mm)  [15],  d?  0.8344,  n^  1.4270,  MRp  40.10.  CgH^O.  calc.  40.60. 

3)  a-Amyltetrahydrofuran(  25%) : 

B.p.  181-182f  (750  mm)[16],  d?  0.8532,  n^  1.4323,  MRj)  43.26.  CgHigO.  calc.  43.21. 

4)  Nonanone-4(36.3%) : 

B.p.  186-187*  (745  mm) [17],  d?  0.8257,  n^  1.4204,  MR^  43.70.  CgHigO.  calc.  43.77. 

Semicarbazone  m.p.  85*. 

5)  Nonanol-4(19.2%) : 

B.p.  191-192.5*  (750  mm)  [18],  d^*  0.8263,  n^  1.4292,  MR^  45.03.  CgHaO.  calc.  45.29. 

6)  Nonanol- 1  (  3.3%)  : 

B.p.  213-214*  (750  mm)  [19],  d^*  0.8290,  n^  1.4330,  MR^  45.22.  CgHaO.  calc.  45.29. 

•  The  somewhat  low  value  of  the  molecular  refraction  of  2-methylhexanol-4  is  apparently  explained  by 
small  traces  of  a”isobutyltetrahydrofuran. 
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7)  From  a  fraction  with  b.p.  121— 125*  (  2=7(0,  we  isolated  a  semicarbazone  with  m.p.  109.5*.  This  semicar- 
bazone  indicated  the  presence  of  hexanone-3  in  this  fraction. 

SUMMARY 

1.  The  hydrogenation  and  hydrogenolysis  of  a" isobutyl-,  cx-isobutenyl-  and  ct"pentenylfurans  was  investi¬ 
gated  on  a  Raney  nickel  catalyst  at  175*  in  a  flowing  type  of  system.  It  was  shown  that  under  these  conditions 
the  ring  of  the  above  compounds  underwent  splitting  by  74,  81  and  75%  respectively, 

2.  It  was  established  that  the  main  direction  of  the  hydrogenolysis  of  a~ isobutyl-,  a~ isobutenyl-  and  «- 
pentenylfurans  was  breaking  of  the  C-0  bond  1-5  and  conjugated  breaking  of  the  1-5  and  4-5  bonds,  and  as  a 
result,  secondary  aliphatic  alcohols  and  ketones  corresponding  to  them  were  formed. 

3.  The  hydrogenolysis  of  furan  homologs  could  be  proposed  as  a  method  of  preparing  certain  difficultly 
accessible  alcohols  and  ketones  of  the  aliphatic  series. 
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INVESTIGATION  IN  THE  FIELD  OF  IMIDAZOLE  DERIVATIVES 


XVI.  THE  BASICITY  OF  ISOMERIC  4-  AND  6-AMINO-3-METHYLBENZIMIDAZOLES* 
L.  S.  Efros  and  B.  I.  lonin 


In  one  of  the  preceding  reports  [1],  in  comparing  the  basicity  constants  of  isomeric  4-  and  6-aminobenzimi- 
dazoles,  we  showed  that  amino  groups  situated  in  positions  4(1)  and  6(11)  of  the  benzimidazole  molecule  have 
different  effects  on  the  basicity  of  the  compound.  At  the  same  time  that  the  amino  group  in  position  6  increases 
the  basicity  constant  of  benzimidazole  by  approximately  20  times,  the  amino  group  in  position  4  hardly  affects 
it  at  all.  This  phenomenon  was  explained  by  the  absence  of  conjugation  between  the  amino  group  in  position  4 
and  the  hetero  ring.  However,  another  explanation  seemed  possible. 

Tire  steric  proximity  of  the  .amino  group  in  position  4  and  the  NH  group  of  the  hetero  ring  in  one  of  the 
tautomeric  forms  (I)  formed  a  basis  for  a  hypothesis  on  the  existence  of  a  hydrogen  bond(IlO.  The  latter  may 
be  the  reason  for  the  lack  of  effect  that  this  amino  group  has  on  tire  basicity  of  the  compound. 


NH, 


NH. 


C— R 


H-iN-H 


/Vx 


We  decided  to  check  this  hypothesis  in  the  present  work,  by  determining  the  basicity  constants  of  isomeric 
4-  and  6-amino- 3- methylbenzimidazoles (IV)  and(V),  in  which  a  hydrogen  bond  is  impossible. 


NHg 
'  N. 


/\/ 


C-R 


CHa 


N 

(IV) 


HoN^ 


1  < 

'N 


C-R 


(V) 


The  starting  material  for  the  synthesis  of  a  compound  of  general  structure (IV)  was  2,6-dinitrochlorobenzene 
[2],  from  wliich,  2,6-dinitromethylaniline  was  obtained  by  treatment  with  an  aqueous  solution  of  methylamine. 
This  product  was  reduced  with  tin  and  hydrochloric  acid  to  2,6-diaminometliylaniline,  which  was  isolated  in 
the  form  of  tlie  readily  oxidized  hydrochloride  by  precipitation  with  concentrated  hydrochloric  acid  from  an 
aqueous  solution.  Due  to  its  instability,  this  compound  could  not  be  isolated  in  an  analytically  pure  state  and 
characterized.  However,  on  boiling  for  a  long  time  with  anhydrous  formic  acid  and  with  glacial  acetic  acid  it 
gave  4-formylamino-3- methylbenzimidazole ( VI)  and  4-acetylamino-2,3-dimethy]benzimidazole ( VII),  respec- 

•For  report  XV  see  J.  Gen.  Clicm.,  27,  127(1957). 
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lively,  which  crystallized  well  from  water  in  the  form  of  colorless  needles. 


By  boiling  the  latter  with  hydrochloric  acid,  dihydrochlorides  of  4-amino“3-methylbenzimidazole(IV,  where  i 

R*H)  and  4-amino- 2,3-dimethylbenzimidazole  (IV,  where  RsCHs)  were  obtained. 

2-Amino-4-nitromethylaniline  was  used  as  the  starting  material  for  the  synthesis  of  6- amino- 2,3-dimethyl¬ 
benzimidazole  (V,  where  R=CH3).  Condensation  of  the  former  with  acetic  acid  in  a  hydrochloric  acid  medium 
gave  6-nitro-2,3-dimethylbenzimidazole(VIlD,  whose  nitro  group  was  then  reduced  with  tin  and  hydrochloric 
acid.  2,3-Dimethylbenzlmidazole,  required  for  comparison,  was  obtained  by  the  usual  method  from  o-nitro- 
methylaniline. 

The  compounds  synthesized  were  titrated  potentiometrically  with  a  glass  electrode  on  a  valve  potentiometer  i 

LP-5.  The  hydrolysis  pK  values  found  are  give  in  Table  1. 


TABLE  1 

Hydrolysis  pK  of  Benzimidazole  Derivatives 


No. 

of 

sample 

Product  examined 

Hydrolysis  pK 

pK, 

pK, 

1 

3-Methylbenzimidazole 

5.57  [3] 

2 

4-Amino-3-methylbenzimidazole 

5.79 

2.36 

3 

6- Amino-3- methyl  benzimidazole 

6.21 

3.29 

4 

2, 3-Dimethylbenzi  midazole 

6.55 

5 

4-A  mino-2 ,  Wimethylbenzimidazole 

6.66 

2.35 

6 

6-A  mino^  .Wimethyl  benzimidazole 

7.00 

3.38 

It  can  be  seen  from  the  data  in  the  table  that  the  amino  group  in  position  4  of  3- methyl  derivatives  of  ben¬ 
zimidazole,  as  in  the  case  of  the  compounds  not  containing  a  methyl  group  in  position  3  studied  previously,  has 
a  very  weak  effect  on  the  basicity  of  the  benzimidazole  derivatives,  while  at  the  same  time,  the  amino  group 
in  pKJsition  6  increases  the  basicity  by  4  to  6  times.  This  again  confirms  the  accuracy  of  the  explanation  given 
for  this  phenomenon  earlier  [1]  and  makes  it  possible  to  refute  the  hypothesis  that  the  formation  of  a  hydrogen 
bond  explained  why  the  amino  group  situated  in  position  4  had  no  effect  on  the  basicity  of  the  compound. 

However,  the  amino  group  in  position  6  has  a  much  smaller  effect  in  the  compounds  investigated  than  in 
the  case  of  benzimidazole  derivatives  which  do  not  contain  a  methyl  group  in  position  3,  and  whose  basicity  con?* 
Slant  increases  on  an  average  of  20  times  under  the  effect  of  the  amino  group.  This  indicates,  apparently,  that 
the  main  tautomeric  form  of  the  latter  compounds,  which  are  capable  of  tautomerism,  is  not(n),  to  which  the 
methylated  products  (V)  correspond,  but  (DC): 
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1  I  C-R  I  I  C-R 

(11)  (IX)J 

A  study  of  the  second  hydrolysis  constants  of  isomeric  4-  and  6-amino-3-methylbenzimidazoles  shows  that, 
the  same  as  in  the  case  of  derivatives  not  containing  a  methyl  group  in  position  3,  the  basicity  of  the  amino 
group  in  position  4  is  much  smaller  than  the  basicity  of  the  amino  group  in  position  6. 

EXPERIMENTAL 

2,6“  Diamino-  N-  methyla niline .  Into  a  round- bottomed  flask  was  placed  24  g  of  granulated  tin  and  60  ml 
of  concentrated  hydrochloric  acid.  The  mixture  was  heated  until  reaction  began  and  then  6  g  of  2,6-dinitro-N- 
methylanilinefm.p.  104”  [4])  was  introduced  in  small  portions.  When  all  the  dinitro  compound  had  dissolved, 
the  contents  of  the  flask  were  diluted  to  300  ml  with  water,  filtered  and  the  tin  was  precipitated  electrolytically. 
The  aqueous  solution  of  the  dihydrochloride  of  2,6- diamino- N-methylaniline  was  evaporated  to  dryness  in  vacuum. 
The  yield  was  about  2  g. 

The  product  was  purified  by  precipitation  from  a  concentrated  aqueous  solution  with  strong  hydrochloric 
acid.  The  pure  product  consisted  of  colorless  crystals,  which  quickly  darkened  on  standing  in  air  in  the  moist 
state . 

3-  Methyl- 4-  aminobenzimidazole .  Into  a  flask  with  a  reflux  condenser  was  placed  2  g  of  2,6- diamino- N- 

methylaniline  and  15  ml  of  formic  acid,  distilled  over  boric  anhydride.  The  mixture  was  boiled  for  3  hours, 
after  which  it  was  evaporated  almost  to  dryness  in  a  porcelain  dish.  The  residue  was  dissolved  in  50  ml  of  warm 
water  and  neutralized  with  ammonia.  The  precipitate  thus  formed  was  filtered  off.  After  recrystallization  from 
water,  we  obtained  about  2.5  g  of  colorless  needles  of  3- methyl-4- formyl-aminobenzimidazole  with  m.p.  150". 

Found  <7o:  C  61.41,  61.72;  H  4.97,  5.01;  N  24.30.  C9H9ON3.  Calculated  <yo:  C  61.72;  H  5.14;  N  24.00. 

1.65  g  of  3- methyl-4- formylaminobenzirtiidazole  was  dissolved  in  10  ml  of  10%  hydrochloric  acid  and  re¬ 
fluxed  for  1  hour,  after  which  the  solution  was  treated  with  active  charcoal  and  filtered.  On  cooling,  colorless 
crystals  of  the  dihydrochloride  of  3- methyl- 4- aminobenzimidazole  precipitated.  The  yield  was  about  1.5  g., 
the  product  melted  at  284—285". 

Found  %;  0  43.82,  43.65;  H  4.82,  5.35;  N  19.16,  19.30.  CgHuNaClz.  Calculated  %;  C  43.64;  H  5.03; 

N  19.10. 

In  a  potentiometric  titration  (  Fig.  1),  0.1925  g  of  substance  consumed  9  ml  of  alkali  (0.0952  M  NaOH)  . 

Found  M  225.  Calculated  M  220.0. 

0.5  g  of  the  dihydrochloride  of  3- methyl- 4- aminobenzimidazole  was  dissolved  in  the  minimum  quantity  of 
water  and  40%  sodium  hydroxide  was  added  until  the  precipitate  thus  formed  did  not  noticeably  increase  in  vol¬ 
ume.  The  precipitate  was  filtered  off  and  recrystallized  from  chlorobenzene.  The  yield  was  about  0.2  g.  The 
slightly  reddish  crystals  of  the  base  3- methyl- 4- aminobenzimidazole  melted  at  167—168". 

2,3- Dimethyl- 4- aminobenzimidazole.  2,3- Dimethyl- 4- acetylaminobenzimidazole  was  prepared  similarly 
to  the  formyl  deriviative  of  3- methyl- 4- aminobenzimidazole  by  boiling  2g  2,6- diamino- N-methylaniline  with 
30  ml  of  acetaldehyde  for  8  hours.  The  yield  was  about  2  g  of  colorless  needles  with  m.p.  199.5". 

Found  %:  C  64.82;  H  6.54;  N  20.80.  CiiHjjONs.  Calculated  %:  C  65.03;  H  6.40;  N  20.68. 

Colorless  crystals  of  the  dihydrochloride  of  2,3- dimethyl- 4- aminobenzimidazole  were  prepared  and  purified 
similarly  to  the  corresponding  derivative  of  3- methyl- 4- aminobenzimidazole  from  3  g  of  2,3- dimethyl- 4- acetyl¬ 
aminobenzimidazole  and  10  ml  of  10%  hydrochloric  acid  with  a  yield  of  about  2.5  g.  The  product  melted  at  302”. 
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Found  €  46.05,45.98;  H  5.30,  5.21;  N  17,93,  17.78.  CgHiaNjClz.  Calculated  <7o:  C  46.15;  H  5.55; 
N  17.95. 


In  a  potentiometric  titration  (Fig.  3,  0.2164  g  of  substance  consumed  9.5  ml  of  alkali  (0,0952  M  NaOH). 
Found  M  239.  Calculated  M  234.0. 

0.5  g  of  the  dihydrochloride  of  2,3- methyl- 4- aminobenzimidazole  was  dissolved  in  the  minimum  amount 
of  water  and  a  little  35%  NaOH  solution  was  added.  The  precipitate  thus  formed  was  filtered  off  and  washed  on 
the  filter  with  a  small  amount  of  cold  water.  Then  the  precipitate  was  dissolved  in  warm  acetone  and  the  solu¬ 
tion  was  treated  with  activated  charcoal,  filtered  and  gradually  diluted  with  4—5  times  its  volume  of  ether.  On 
cooling,  there  precipitated  about  0.2  g  of  colorless  crystals  of  the  base  2,3- dimethyl- 4- aminobenzimidazole, 
which  melted  at  150—151*. 

2,3-  Dimethylbenzimidazole  [5],  In  a  potentiometric  titration  on  0.0422  g  of  1,2-dimethylbenzimfdazole 
with  m.p.  115.5*,  dissolved  in  12  ml  of  0.1  N  hydrochloric  acid,  3.0  ml  of  alkali(0.0952  M  NaOH)  was  consumed. 
Found  M  148.  Calculated  M  146. 

The  potential  at  the  half  equivalence  point  corresponded  to  pH  6.55. 


PH 


Fig.  1.  Potentiometric 
titration  of  3- methyl- 4- 
aminobenzimidazole. 


pH 


Fig.  2.  Potentiometric 
titration  of  2,3-dimethyl- 
4-  aminobenzimidazole. 


pH 


2,3- Dimethyl- 6-aminobenzimidazole.  Into  a  wide  tube  was  placed  2.5  g  of  granulated  tin  and  10  ml  of 
concentrated  hydrochloric  acid.  The  mixture  was  heated  until  reaction  began  and 
then  1  g  of  2,3- dimethyl- 6- nitrobenzimidazole  [6,  7]  was  gradually  introduced  in 
the  form  of  the  hydrochloride  (m.p.  272f  with  decomp.).  When  all  the  nitro  com¬ 
pound  had  dissolved,  the  hot  solution  was  separated  from  the  unreacted  tin  and  the 
tin  complex,  which  precipitated  on  cooling,  was  dissolved  in  water  and  the  tin  pre¬ 
cipitated  electrolytically.  The  solution  was  boiled  with  active  charcoal,  filtered 
and  evaporated  to  dryness.  The  dry  residue  was  dissolved  in  a  small  amount  of 
aqueous  alcohol  and  slightly  reddish  crystals  of  the  dihydrochloride  of  2,3-dimethyl- 
6- aminobenzimidazole  were  precipitated  by  adding  ether.  The  yield  was  about 
0.3  g  and  the  m.p.  301*. 

Found  %;  €  45.88,40.05;  H  5.99,  0.40;  N  18.07.  CgHuNjCl,.  Calculated  %; 
C  46.15;  H  5.55;  N  17.95. 


Fig.  3.  Potentiometric  ti¬ 
tration  of  2,3- dimethyl- 6- 
aminobenzimidazole. 


In  a  potentiometric  titration  ( Fig.  3),  0.0527  g  of  substance  consumed  2.35  ml 
of  alkali  (0.0952  M  NaOH).  Found  M  235,5.  Calculated  M  234. 


SUMMARY 


1.  A  comparison  of  the  basicity  constants  of  the  derivatives  of  4-amino-3-methylbenzimidazole  with  the 
constants  of  analogous  derivatives  of  6-amino-3-methylbenziiTiidazole  shows  that  in  this  series  the  amino  group 
in  position  4,  in  contrast  to  the  amino  group  in  position  6,  has  almost  no  effect  on  the  basicity  of  the  compounds. 

2.  The  breakdown  of  conjugation  between  the  amino  group  in  position  4  and  the  nitrogen  atom  of  the  hetero 
ring  of  benzimidazole  explains  why  this  amino  group  has  no  effect  on  basicity. 
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THE  SYNTHESIS  OF  BENZIMIDAZOLE  COMPOUNDS  CONTAINING 


THE  BIS  “(  0-CHLOROETHYL)  -  AMINO  GROUP 


O.  F.  Ginsburg,  B.  A.  Pora  i- K  oshits,  M.  I.  Krylova 
and  S.  M.  Lotareichik 


As  is  known,  the  physiological  activity  of  compounds  containing  the  bis-(0-chloroethyl)- amino  group,  de¬ 
pends  to  a  large  extent,  on  the  character  of  the  radicals  bonded  to  it.  Consideriiig  that  there  are  compounds 
among  the  benzimidazole  derivatives  which  are  interesting  from  the  point  of  view  of  their  physiological  action, 
together  with  L.  F.  Larionov,  we  decided  that  it  would  be  advantageous  to  study  the  physiological  activity  of 
such  materials  in  which  the  bis-(6-chloroethy])-amino  group  was  bonded  to  the  benzimidazole  grouping.  For 
this,  we  carried  out  the  synthesis  of  the  hydrochlorides  of  2-bis-(6“chloroethyl)“aminomethylbenzimidazole(I) 
and  l-6-chloroethyl-2-bis(0  -chloroethy)-aminomethylbenzimidazole(II) : 


NH\ 

/  \  -CHa-CH^Cl 

C— CH2-N<  •  HCI 


/\n^ 


CH2-CH2CI 


C-CH2-N< 

\n/ 

I 

CH2-CH2C1. 

(II) 


.CH2-CH2CI 

^CH2-CH2CI 


Compound (I)  was  obtained  from  2-bis-(6-hydroxyethyl)-aminomethylbenzimidazole(in)  which  in  its  turn 
had  been  synthesized  from  2-chloromethylbenzimidazole  and  diethanolamine. 


I  I  \ 


C-CH2-N< 


.CH2-CH20H 

''CHo-CHoOH. 


L 


The  condensation  of  2-chloj5omethylbenzimidazole  with  diethanolamine  was  carried  out  in  an  acetone  medium 
in  the  presence  of  sodium  acetate  or  by  heating  2-chloromethylbenzimidazole  in  excess  diethanolamine.  Com¬ 
pound  (III)  was  isolated  in  the  form  of  a  picrate  from  the  viscous  ijiass  formed  as  a  result  of  the  reaction.  Decom¬ 
position  of  the  compound  with  concentrated  hydrochloric  acid  gave  the  hydrochloride  of  compound  (in)  from 
which  compound  (I)  was  obtained  by  the  action  of  thionyl  chloride  in  a  chloroform  medium.  The  synthesis  of 
compound (II)  was  carried  out  in  an  analogous  way,  starting  with  1-0-hydroxyethyl- 2-chloromethylbenzimidazole. 

EXPERIMENTA  L 

1.  The  picrate  of  2-bis-(g-hydtoxyethyl)-aminomethylbenzimidazole.  a)  4.2  g  of  unpurified  2-chloro¬ 
methylbenzimidazole  (m.p.  139—140“)  and  6.0  g  of  diethanolamine  were  continuously  stirred  and  heated  on  a 
boiling  water  bath  for  4.5  hours.  The  black  tarry  mass  obtained  was  dissolved  in  150  ml  of  hot  water.  The  aqueous 


solution  was  filtered  and  the  calculated  amount  of  a  4%  aqueous  solution  of  picric  acid  was  added  to  the  filtrate 
with  stirring.  After  2  hours,  the  precipitated  picrate  was  filtered  off,  washed  on  the  filter  with  cold  water  and 
dried.  The  yield  was  11.0  g(63.2yc). 

b)  11.0  g  of  2-chloromethylbenzimidazole  was  mixed  with  5.4  g  of  anhydrous  sodium  acetate,  7.0  g  of  die¬ 
thanolamine  and  130  ml  of  acetone.  The  mixture  obtained  was  heated  under  reflux  on  a  water  bath  for  4.5  hours. 
After  heating,  the  acetone  solution  was  filtered  and  the  acetone  distilled  off  from  the  filtrate.  After  distilling 
off  the  acetone,  a  viscous,  dark  brown  mass  remained,  from  which  we  obtained  the  picrate  of  2- bis-(0- hydroxy- 
ethyl)- aminomethylbenzimidazole  by  the  method  described  above.  The  yield  was  29.9  g(65.3'yo). 

After  recrystallization  from  water,  we  obtained  a  picrate  withm.p.  186”.  It  was  readily  soluble  in  acetone 
and  alcohol. 

Found  <7o;  N  18.65,  18.63;  CgH^ OH) (N02)3  65.92.  M  694.0.  CizHiyOaNa  ‘  2C6H3O7N3.  Calculated -yo  ; 

N  18.18;  C8Hi0H)(N02)3  66.08.  M  693.2. 

The  hydrochloride  of  2-bis-(0-hydroxyethyl)-aminomethylbenzimidazole.  35  g  of  finely  powdered  picrate 
of  2-bis-(0-hydroxyethyl)-aminomethylbenzimidazole  was  carefully  ground  in  a  mortar  with  140  ml  of  concen¬ 
trated  hydrochloric  acid.  210  ml  of  benzene  was  added  to  the  suspension  obtained  and  after  shaking  in  a  sepa¬ 
rating  funnel,  the  benzene  solution  of  picric  acid  was  separated  off  from  the  solution  of  the  hydrochloride  of  2- 
bis-(  6-hydroxyethyl)-aminomethylbenzimidazole.  The  latter  was  washed  6—7  times  with  small  amounts  of  ben¬ 
zene  until  the  picric  acid  was  completely  removed. 

The  solution  of  the  hydrochloride  of  2- bis-(  6 -hydroxyethyl)- aminomethylbenzimidazole  was  diluted  with 
an  equal  volume  of  water,  boiled  with  active  charcoal,  filtered  and  evaporated  to  dryness  on  a  water  bath.  The 
residue  was  dissolved  in  50  ml  of  ethyl  alcohol,  the  solution  was  evaporated  down.  The  operation  of  dissolving 
in  alcohol  and  evaporating  down  was  carried  out  3  times,  after  which  the  mass  solidified  into  a  grey  melt,  which 
was  ground  in  a  mortar  with  25  ml  of  anhydrous  ethyl  alcohol.  25  ml  of  anhydrous  acetone  was  added  to  the 
suspension  obtained.  After  an  hour  the  precipitate  was  filtered  off  and  washed  on  the  filter  with  small  amounts 
of  a  mixture,  composed  of  equal  amounts  of  anhydrous  alcohol  and  acetone.  The  yield  was  12.5  g(81.1%). 

The  hydrochloride  of  2-bis-(fl-hydroxyethyl)- aminomethylbenzimidazole  was  a  white  powdery  substance 
with  m.p.  184—186°,  soluble  in  water,  carbon  tetrachloride  and  benzene  and  insoluble  in  chloroform  and  anhydrous 
acetone. 

Found  0,;,;  N  13.85;  HCl  23.60.  M  312.  Ci2Hi702N3  ’  2HC1.  Calculated  %:  N  13.65;  HCl  23.70.  M  308.1. 

The  hydrochloride  of  2- bis-(  g-chloroethyl)- aminomethylbenzimidazole.  25  ml  of  thionyl  chloride  ,  mixed 
with  an  equal  volume  of  chloroform,  was  slowly  added,  dropwise,  to  a  suspension  of  11.0  g  of  the  hydrochloride 
of  2-bis-(0-hydroxyethyl)-aminomethylbenzimidazole  in  110  ml  of  chloroform.  The  mixture  was  refluxed  on 
a  water  bath  for  3.5  hours  and  left  at  room  temperature  for  3  days.  Then  the  chloroform  and  thionyl  chloride 
were  distilled  off  in  vacuum.  In  doing  this  the  reaction  mixture  was  either  not  heated  at  all  or  heated  on  a 
water  bath  no  higher  than  30—35”.  The  dry  residue  was  mixed  with  25  ml  of  chloroform,  which  was  then  com¬ 
pletely  distilled  off  in  vacuum.  This  was  done  3  times.  The  product  obtained  was  treated  consecutively  with 
several  portions  (200  ml  each)  of  anhydrous  acetone,  stirring  and  refluxing  until  the  chloro  derivative  completely 
dissolved.  The  acetone  solutions  were  combined,  treated  with  active  charcoal,  filtered  and  concentrated  to  ^/4 
of  the  initial  volume.  On  slow  cooling,  the  hydrochloride  of  2- bis-(0-chloroethyl)- aminomethylbenzimidazole 
crystallized  out  from  the  solution.  This  product  could  be  isolated  from  the  acetone  solution,  when  it  had  been 
evaporated  down  to  half  the  initial  volume,  by  slowly  adding  to  it  an  equal  (by  volume)  amount  of  absolute 
ether.  After  1  hour,  the  precipitated  product  was  filtered  off  and  dried.  The  yield  was  10.0  gfOl'yo). 

The  hydrochloride  of  2- bis-(0-chloroethyl)- aminomethylbenzimidazole  was  a  white  crystalline  substance 
with  m.p.  154—155”,  soluble  in  water,  alcohol  and  hot  acetone  and  insoluble  in  ether,  benzene  and  carbon  tetra¬ 
chloride. 

Found  fo:  N  13.85;  13.50;  HCl  11.95,  11.70;  Cl  34.80,  34.80.  M  311.  Ci2Hi5N3Cl2  •  HCl.  Calculated  <70; 

N  13.65;  HCl  11.80;  Cl  34.55.  M  308.5. 
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l-6~Hydroxyethyl-  2-chloromethylbenzimidazole.  A  mixture  of  3.5  g  of  N-(6-hydroxyethyl)-o-phenyl- 
enediamine  and  3.3  g  of  chloroacetic  acid  were  dissolved  in  21  ml  of  15%  hydrochloric  acid  and  refluxed  for 
3  hours.  The  next  day,  the  dark,  but  completely  clear,  reaction  liquid  was  neutralized  with  sodium  bicarbonate 
with  external  cooling  in  ice:  at  first  dry—  until  the  appearance  of  a  precipitate,  and  then  a  9%  aqueous  solu¬ 
tion  until  it  gave  an  alkaline  reaction.  The  precipitate  was  filtered  off,  washed  with  cold  water,  carefully 
pressed  out  on  the  filter  and  dried  in  air. 

For  purification,  the  product  obtained  was  dissolved  in  dilute  hydrochloric  acid,  the  solution  shaken  at 
room  temperature  with  active  charcoal  till  colorless,  filtered  and  neutralized  with  a  9%  solution  of  sodium  bi¬ 
carbonate.  The  precipitate  was  filtered  off.  The  yield  of  pure  product  was  3,78  g(78.1%). 

The  1-8-hydroxyethyl- 2-chloromethylbenzimidazole  obtained  was  a  white  powdery  substance  with  m.p. 
136—137'’.  It  was  readily  soluble  in  acetone  and  ethyl  acetate,  difficultly  soluble  in  benzene  and  insoluble  in 
ether. 

Found  %:  N  13.27;  Cl  17.0.  CioH^ONzCl.  Calculated  %:  N  13.30;  Cl  16.86, 

The  picrate  of  l-8-hydroxyethyl-2-bis-(fl-hydroxyethyl)-amino-methylbenzimidazole.  10.5  g  of  diethano¬ 
lamine  and  200  ml  of  acetone  was  added  to  a  mixture  of  21.0  g  of  1-8-hydroxyethyl- 2-chloromethylbenzimi¬ 
dazole  and  8.2  g  of  anhydrous  sodium  acetate.  The  reaction  mixture  obtained  was  refluxed  on  a  water  bath  for 
3.5  hours.  After  cooling,  the  precipitate  was  filtered  off  and  washed  with  a  small  amount  of  acetone.  The 
acetone  was  distilled  off  from  the  filtrate  and  the  syrupy  mass  formed  dissolved  in  100  ml  of  water.  The  solu¬ 
tion  obtained  was  poured  into  a  hot  solution  of  45.8  g  of  picric  acid  in  1700  ml  of  water.  A  voluminous  yellow 
precipitate  was  thus  formed.  The  suspension  was  brought  to  the  boil  and  then  left  at  room  temperature  until 
the  following  day.  The  picrate  obtained  was  filtered  off.  After  crystallization  from  water  it  had  m.p,  178—179“. 
The  yield  was  39.2  g(53.5%). 

Found  %:  N  16.90,  16.89.  Ci4H2i03N3  '  2C6H3C)7N3.  Calculated  %:  N17.il. 

The  hydrochloride  of  l-8~hydroxyethyl-2-bis-(8-hydroxyethyl)-aminomethylbenzimidazole.  39.2  g  of 
carefully  powdered  picrate  of  l-8-hydroxyethyl-2-(8-hydroxyethyl)-aminomethylbenzimidazole  was  mixed 
with  160  ml  of  concentrated  hydrochloric  acid,  300  ml  of  benzene  was  added  to  the  suspension  obtained  and 
after  shaking  vigorously,  the  benzene  solution  of  picric  acid  was  separated  off  from  the  hydrochloric  acid  solu¬ 
tion.  The  latter  was  washed  7  times  with  small  amounts  of  benzene.  The  dark  hydrochloric  acid  solution  was 
diluted  with  water  and  boiled  with  active  charcoal,  after  which  it  was  filtered  and  concentrated  on  a  water  bath. 
The  residue  was  dissolved  in  40  ml  of  ethyl  alcohol  and  the  solution  obtained  was  again  evaporated  down.  The 
operation  of  dissolving  in  alcohol  and  evaporating  down  was  carried  out  3  times.  The  residual  syrupy  mass  was 
left  until  the  next  day,  when  it  partially  crystallized.  Dry  acetone  was  added.  The  initially  viscous  product 
gradually  solidified  with  mixing  and  triturating  and  was  converted  into  a  white  powder,  which  was  filtered  off, 
washed  several  times  with  anhydrous  acetone  and  dried  at  50-60".  The  yield  was  16.3  g.  The  product  obtained 
did  not  have  a  sharp  melting  point. 

The  hydrochloride  of  l-8-chloroethyl-2-bis-(8-chloroethyl)-aminomethylbenzimidazole.  3.2  g  of  care¬ 
fully  powdered  l-6-hydroxyethyl-2-bis-{8-hydroxyethyl)-aminomethylbenzimidazole  hydrochloride  was  placed 
in  a  round  bottomed  reaction  vessel  with  a  tube,  connected  to  a  calcium  chloride  tube.  With  continuous  cooling 
of  the  reaction  vessel  in  ice,  10.5  ml  of  thionyl  chloride  was  added  dropwise  at  such  a  rate  that  the  reaction  did 
not  proceed  too  vigorously.  At  the  end  of  the  thionyl  chloride  addition,  which  took  about  2  hours,  the  reaction 
mixture  was  a  homogeneous,  yellow  liquid.  The  reaction  mixture  was  left  a  further  2  hours  on  an  ice  bath  and 
then  for  12  hours  at  room  temperature,  after  which,  the  volatile  products  were  distilled  off  in  vacuum.  The 
residual  reddish  yellow  mass  was  dissolved  in  chloroform,  heated  with  active  charcoal  and  filtered.  On  adding 
absolute  ether  and  cooling,  the  colorless  solution  yielded  the  reaction  product,  which  was  filtered  off  and  dried 
at  room  temperature.  The  compound  obtained  was  a  white  crystalline  substance  with  m.p.  132-134".  The  yield 
was  2.92  g(86.6%). 

Found  %;  N  11.67;  €1  38.34,38.45;  HCl  9.57,  9.58.  C14H18N3CI3  •  HCl.  Calculated  %;  N  11.33;  Cl 

38.27;  HCl  9.84. 
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SUMMARY 


a-Bis-(8-chloroethyl)-amlnomethylbenziinidazole  and  1-6-chloroethyl-  2- bis-(  0  - chloroethyl)  aminomethyl- 
benzimidazole  were  formed  from  2-bis-(6-hydroxyethyl) -aminomethylbenzimldazole  and  l-0-hydroxyethyl-2- 
bis-(6-hydroxyethyl)-aminomethylbenzimidazole  by  the  action  of  thionyl  chloride  on  these  compounds.  In 
their  turn,  2- bis-(0-hydroxyethyl)- aminomethylbenzimldazole  and  1-6-hydroxyethyl- 2-bis-(6-hydroxyethyl)- 
aminomethylbenzimidazole  may  be  obtained  as  a  result  of  the  condensation  of  diethanolamine  with  2-chloro- 
methylbenzimldazole  and  1-  0-hydroxyethyl-  2-  chloromethylbenzimidazole. 
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HALOARYLA  TION  OF  UNSATURATED  COMPOUNDS  WITH 


AROMATIC  DIAZO  COMPOUNDS 

HI.  THE  REACTION  OF  4-CHLORO-1-PHENYLBUTENE-2  WITH  POTASSIUM 
HYDROXIDE  AND  A  NEW  METHOD  OF  SYNTHESIZING  a-PHENYLBUTADIENE 

A.  V.  Dombrovsky  and  A.  P.  Terentyev 


The  method  of  chlorophenylating  butadiene- 1,3,  developed  by  us  [1]  makes  it  possible  to  obtain  simply, 
and  in  good  yields(70yo)  4-chloro-l-phenylbutene-2(I),  synthesized  from  divinyl  and  diazotized  aniline  in  an 
aqueous- acetone  solution  in  the  presence  of  cupric  chloride  and  lime.  An  extremely  reactive  allyl  chlorine  and 
a  labile  hydrogen  atom  in  position  1  are  found  in  the  molecule  (I). 

Of  the  numerous  reactions  into  which  (I)  can  enter,  it  seemed  interesting  to  study  the  splitting  off  of  the 
hydrogen  chloride  to  obtain  a-phenylbutadiene  (II)  which  is  usually  synthesized  by  rather  complicated  methods. 
(II)  is  most  often  obtained  from  cinnamaldehyde  by  treatment  with  methylmagnesium  iodide  with  subsequent 
dehydration  of  the  carbinol  formed  [2-4].  Isagulyants  and  Esyan  [5]  described  the  preparation  of  (II)  in  21—22% 
yield  by  boiling  3-chloro-l-phenylbutene- 2  with  a  12- fold  amount  of  powdered  potassium  hydroxide  in  toluene. 

a-Phenylbutadiene  is  of  interest,  as  it  condenses  spontaneously  and  under  appropriate  conditions  may  be 
converted  into  high  molecular  compounds.  The  polymerization  of  ( II)  and  the  structure  of  its  polymers  were 
investigated  by  Lebedev  and  Ivanov  [6].  One  of  us  studied  the  kinetics  of  the  polymerization  of  (II)  [3]  using 
the  method  of  diazometric  determination  of  diene  hydrocarbons  developed  by  us. 

In  this  article  we  describe  experiments  on  the  study  of  the  effect  of  potassium  hydroxide  under  various  con¬ 
ditions  which  resulted  in  good  yields  of  (II). 

It  is  known  that  l-p-nitrophenylbutene-2  is  readily  converted  in  a  methanol  solution  of  potassium  hydroxide 
into  a-p-nitrophenylbutadiene  [7].  It  was  shown  in  paper  [1]  that  (I)  reacted  with  alcohol  solutions  of  sodium 
alcoholate  in  two  ways:  (II)  and  l-phenyl-4-alkoxybutene- 2  were  formed  in  almost  equal  amounts.  In  connec¬ 
tion  with  this,  we  studied  the  effect  on(I)'of  potassium  hydroxide  in  methyl,  ethyl,  n-ptopyl  and  n- butyl  alcohols. 
The  experiments  showed  that  the  reaction  of  (I)  with  potassium  hydroxide  in  these  alcohols  also  proceeded  in  two 
directions  :  a)  exchange  of  the  chlorine  atom  for  an  alkoxyl  group  and,  as  a  result,  the  formation  of  ethers,  1- 
phenyl-4-alkoxybutenes- 2  and  b)  the  splitting  out  of  HCl  and  the  formation  of  (II) : 


CuHgCHgCH^CHCHaCl.  - 

(I) 


CoHsCHaCH^CHCHgOAIk 

CeH5CH=CHCH=CH2 

(H) 


The  process  of  ether  formation  dominated. 
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TABLE 


1- Phenyl-4- alkoxybutene-  2 


Formula 

Boiling  point 

„10 

"/V 

MRp 

ethers 

(II) 

found 

! 

calcu¬ 

lated 

C6H.5CH2CH=CHCH20CHi  . 

66.7 

26.1 

109°(11  mn) 

1.5180 

'  0.9573 

51.35 

50.73 

CeHjCHjCH^CHCHaOCzHs  . 

60 

25 

102  (3mm) 

1.5115 

0.9446 

55.95 

55.19 

CcH-,CH2CH=CHCH20C3H7  . 

55.8 

23 

99— 100(2mn) 

1.5100 

0.9381 

tO.66 

59.81 

C6H5CH2CH=CHCH20C4H9  . 

43.1 

18.5 

103—104  (5mm) 

1.5044 

0.9249 

65.00 

1 

64.43 

As  can  be  seen  from  the  data  in  the  table,  the  reaction  rate  of  nucleophilic  exchange  of  the  halide  for  the 
alkoxy  group  in  2  is  at  least  as  great  again  as  the  rate  of  the  splitting  out  of  HCl.  It  is  known  that  halogen  deriv¬ 
atives  of  the  allyl  chloride  or  RCH=CHCH2C1(  where  R  =  alkyl)  type,  when  treated  with  alcoholic  alkali,  usually 
undergo  only  an  exchange  reaction,  giving  the  corresponding  ethers,  as  the  lability  of  the  chlorine  atom  here  is 
increased  due  to  the  conjugation  of  the  C-Cl  bond  with  the  double  bond.  In  a  (I)  molecule  in  conjugation  with 
the  double  bond,  besides  the  chlorine  atom,  there  is  a  phenyl  radical  which  has  an  effect  opposite  to  that  of  an 
alkyl  radical.  By  attracting  the  electrons  it  thus  makes  the  H-atom  in  position  1  labile,  which  to  a  large  extent, 
favors  the  splitting  out  of  hydrogen  chloride  elements  from  the  (I)  molecule. 

If  a  substitutent  with  an  electrophilic  character  is  present  in  the  benzene  nucleus,  then  the  displacement  of  the 
electrons  towards  the  aryl  radical  is  of  such  strength  that  only  the  splitting  out  of  HCl  occurs.  Such  a  result  is 
observed  in  the  case  of  treatment  of  4-chloro-l-(p-nitrophenyl)-butene-2  with  alcoholic  alkali  [7].  As  can  be 
seen  from  the  data  in  the  table,  the  yields  of  both  reaction  products  decrease  when  the  alkyl  radical  becomes 
complicated  by  the  addition  of  an  alcohol  molecule.  l-Phenyl-4-alkoxybutenes-2  are  colorless  liquids  with  a 
weak  characteristic  smell. 

It  should  be  noted  that  the  molecular  refraction  of  all  four  ethers  obtained  is  0.6-0. 7  of  a  unit  greater  than 
that  calculated  due  to  the  presence  of  a  double  bond  conjugated  with  the  benzene  nucleus  as  well  as  the  alkoxyl 
group. 

Thus,  it  turned  out  that  solutions  of  alcoholic  alkali  in  this  case  are  not  suitable  reagents  for  splitting  off 
hydrogen  chloride.  Attempts  to  apply  other  known  methods  of  splitting  off  hydrogen  chloride,  for  example,  by 
the  action  of  quinoline,  methyl-  or  dimethylaniline,  pyridine  and  triethylamine,  did  not  give  positive  results. 

In  all  cases,  complete  resinification  of  the  reaction  mixture  occurred.  An  acceleration  of  the  polymeriza¬ 
tion  of  (11)  in  the  presence  of  pyridine  was  noted  in  the  article  by  one  of  us  [3].  The  reaction  practically  did 
not  proceed  in  the  cold  or  at  room  temperature. 

After  some  searching  we  were  able  to  develop  a  new  practical  method  of  preparing  c("phenylbutadiene. 

Two  methods  were  developed.  In  the  first  method  (I)  was  added  to  a  mixture  of  potassium  hydroxide  powder 
and  dioxane  in  a  four- fold  amount  (in  relation  to  the  chloride)  and  heated  to  boiling.  The  reaction  proceeded 
with  the  evolution  of  heat  and  no  further  heating  was  required.  The  reaction  of  0.2  mole  of  (I)  was  complete 
in  8—10  minutes.  The  reaction  conditions  were  so  mild  that  almost  no  resinification  or  polymerization  of (II) 
was  observed.  The  method  was  tested  for  amounts  from  0.05  to  0.5  mole.  The  yields  were  90%.  The  method 
developed  could  be  the  main  way  of  preparing  a-arylbutadienes  from  compounds  of  the  4-halo-l-atylbutene- 
2  type  and  other  halogen  derivatives  of  the  aliphatic  class  of  compounds. 

In  the  second  method  (I)  was  added  to  potassium  hydroxide  powder  in  a  Claisen  flask.  The  reaction  was 
carried  out  under  reduced  pressure.  The  (II)  formed  was  immediately  distilled. 
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The  constants  of  the  (II)  obtained  in  both  cases  were  similar  to  those  of  the  trans-isomer. 


EXPERIMENTA  L 

1-  Phenyl- 4-  alkoxybutenes-  2.  100  ml  of  2  N(0.2  mole)  solution  of  potassium  hydroxide  in  the  appropriate 

alcohol  and  16.7  g(0.1  mole)  of(I)  were  placed  in  a  three-necked  flask  equipped  with  a  stirrer,  thermometer 
and  reflux  condenser.  The  mixture  was  stirred  and  heated.  The  reaction  began  at  40—50"  and  was  indicated  by 
turbidity  and  the  deposition  of  potassium  chloride.  After  heating  (finally  to  boiling)  for  1.5  hours,  the  mixture 
was  diluted  to  double  its  amount  with  water.  After  extraction  with  ether,  the  ether  extract  was  washed  until 
neutral  and  dried  with  anhydrous  magnesium  sulfate.  When  the  ether  had  been  removed,  the  residue  — a  mixture 
of  the  unsaturated  ether  and  (II)—  was  distilled  in  vacuum  from  a  flask  with  a  small  fractionating  column.  The 
(II)  was  identified  by  its  constants  and  the  melting  point  of  its  adduct  with  maleic  anhydride.  The  constants  of 
the  ethers  are  given  in  the  table. 

1- Phenyl- 4- methoxybutene-  2.  By  distilling  the  16  g  of  liquid  obtained  from  the  reaction,  the  following 
fractions  were  isolated:  a)  85-69“  (11  mm),  3.4  g(26.1<yc!)  and  b)  108— 109"  (11  mm),  10.8  g(66.7%). 

Fraction  "a"  was (II)  and  had  the  following  constants  after  a  second  distillation: 

B.p.  85-8r  (10  mm),  n?)  1.5903,  d^  0.9270,  MRp  47.41.  CjoHjoFs  calc:  43.85. 

Literature  data;  b.p.  78-81”  (8  mm),  n®  1.6070  [4],  b.p.  86"  (11  mm),  n®  1.5950  [8]. 

Condensation  of  a  sample  of  (II)  with  maleic  anhydride  by  the  usual  method  gave  a  crystalline  adduct  with 
m.p.  120"  (from  benzene).  According  to  literature  data  the  m.p.  is  120"  [9].  A  mixed  melting  point  did  not  show  de- 
pre^ion. 

Fraction  "b"  was  the  ether  1- phenyl- 4- methoxybutene- 2. 

Found  %;  C  81.75,  81.56;  H  8.84,  8.76.  C^HmO.  Calculated  <7o;  C  81.44;  H  8.70. 

1- Phenyl- 4- ethoxybutene-  2.  By  distillation  of  the  15  g  of  oil  obtained  we  isolated  3.3  g(25%)  of  (II)  and 
10  g(60<yo)  of  the  ether,  which  was  analyzed. 

Found  «7o:  C  81.96,  81.98;  H  9.36,  9.48.  C12H16O.  Calculated  fo  i  C  81.77;  H  9.15. 

1  -  Phenyl-  4-  n-  propoxybutene-  2.  From  the  15  g  of  reaction  product  obtained,  we  isolated  3  g(  23(yo)  of  (II) 
and  10.60  g(  55.8*70)  of  the  ether,  which  was  analyzed. 

Found  <7o;  C  81.97, 81.98;  H  9.45,  9.50.  CigHigO.  Calculated  % ;  C  82.06;  H  9.54. 

1- Phenyl-4- n-butoxybutene-  2.  From  14  g  of  reaction  product  we  isolated  2.4  g(18.5*7o)  of  (11)  and  8.8  g 
(43.1%)  of  the  ether,  which  was  analyzed. 

Found  %;  C  82.36,  82.13;  H  9.73,  9.78.  Ci4H2nO.  Calculated  %:  C  82.30;  H  9.87. 

g-Phenylbutadiene  (IQ,,  a)  45  g(0.8  mole)  of  powdered  potassium  hydroxide  and  75  ml  of  anhydrous  dioxane 
were  placed  in  a  three- necked  flask  equipped  with  a  stirrer,  reflux  condenser  and  dropping  funnel.  The  mixture 
was  heated  until  the  dioxane  started  to  boil.  33.5  g(0.2  mole)  of(D  was  added  from  the  funnel  with  the  stirrer 
rotating  slowly.  No  further  heating  was  required  as  the  reaction  proceeded  with  the  evolution  of  heat.  (I)  was 
added  at  such  a  rate  that  the  mixture  boiled  gently.  After  all  the  chloride  had  been  added,  the  contents  of  the 
flask  were  boiled  for  2-3  minutes.  The  end  of  the  reaction  could  readily  be  established  by  a  Beilstein  test.  When 
cool,  the  reaction  mixture  was  poured  into  150  ml  of  water.  The  oil  floating  on  top  was  extracted  with  100  ml 
of  ether.  The  extract  was  washed  2-3  times  with  water  to  a  neutral  reaction  and,  after  adding  a  little  hydroqui- 
none,  dried  with  calcium  chloride.  After  distilling  off  the  solvent,  the  residual  liquid  was  distilled  in  vacuum. 
23.5  g( 90%)  of (II)  was  distilled.  B.p.  65-66";  (3  mm);  73-74"  (10  mm);  n¥)  1.6073.  The  adduct  with  maleic 
anhydride  had  m.p.  120". 
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b)  The  hydrogen  chloride  was  split  out  from(D  in  a  vacuum  distillation  apparatus.  20  g(0.36  mole)  of 
slightly  moist  powdered  potassium  hydroxide  was  placed  in  a  flask  with  a  small  fractionating  column,  fitted 
with  a  thermometer  and  a  dropping  funnel  in  the  place  where  the  capillary  is  normally  situated.  The  flask  was 
immersed  in  an  oil  bath  previously  heated  to  100—105”  and  20  g(0.12  mole)  of  (I)  was  gradually  added.  At 
60-65”  and  3  mm  a  colorless,  transparent  liquid  distilled  off.  When  all  the  chloride  had  been  added  (about  10 
minutes  was  required  for  this),  the  distillation  was  continued  until (II)  no  longer  distilled  off.  In  the  receiver 
we  collected  12  g( about  SO'^iO  of  pure  (II).  B.p.  62-65”  (3  mm),  np  1.5990.  Organic  chlorine  was  not  present 
in  the  distillate.  (II)  was  identified  by  the  melting  point  of  the  adduct  with  maleic  anhydride. 

SUMMARY 

1.  The  reaction  of  4-chloro-l-phenylbutene-2  with  solutions  of  potassium  hydroxide  in  aliphatic  alcohols 
resulted  simultaneously  in  the  formation  of  ct“phenylbutadiene  and  the  corresponding  1- phenyl-4- alkoxybutenes- 2. 

2.  CjH5CH2CH=CHCH20Alk,  were  obtained  where  Alk^CHs,  CjHs,  0-03117  and  0-04119. 

3.  A  new  method  was  developed  for  synthesizing  a-phenylbutadiene  by  splitting  out  hydrogen  chloride 
from  4-chloro-l-phenylbutene-2  with  potassium  hydroxide  powder  in  dioxane  or  by  distillation  over  potassium 
hydroxide  in  vacuum. 
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THE  HALOARYLATION  OF  UNSATURATED  COMPOUNDS  WITH  AROMATIC 

DIAZO  COMPOUNDS 


IV.  SYNTHESIS  OF  0-ARYLALKYL  CARBOXYLIC  ACIDS 
A.  V.  Dombrovsky,,  A.  P.  Terentyev  and  A.  M.  Yurkevich 


As  previously  reported  [1],  aromatic  diazonium  salts  in  presence  of  cupric  chloride  in  aqueous  acetone 
solution  add  on  to  acrylonitrile  at  the  double  bond  to  give  o-chloro-0 -arylpropionitriles  in  good  yield. 

Methyl  acrylate  (I)  and  methyl  methacrylate  (II)  react  similarly  in  presence  of  cupric  chloride  to  form 
products  of  haloarylation. 

ArNzCI  -+■  CH2=CH-C00CH3  — ^  ArCHa— CHCICOOCH3 
(I) 

ArNaCI  -f-  CHa--C(CH3)COOCH3  — ^  ArCHa-CCI(CH3)-COOCH3 
(II) 


The  reaction  of  methyl  methacrylate  wiih  p-nitrophenyldiazonium  chloride  has  already  been  described; 
however,  the  chemical  properties  of  methyl-a -chloro-0 - (4- nitrophenyl)- isobutyrate  have  not  been  studied. 
Haloarylation  of  acrylates  (I)  and  (II)  was  performed  by  the  procedure  that  we  described  in  the  preceding  com¬ 
munication  [1]  with  the  sole  difference  that  more  drastic  temperatures  conditions  were  used:  it  was  necessary 
to  heat  the  mixture  to  35-45*. 

It  was  shown  that  at  44-50*  diazotized  a  -  and  0 -naphthylamines  also  react  with  acrylonitrile. 

It  must  be  pointed  out  that  methyl-a -chloro-0 -(4- nitrophenyl)- isobutyrate  splits  off  a  molecule  of  hydro¬ 
gen  chloride  when  treated  with  aqueous  solutions  of  caustic  alkali  and  at  the  same  time  is  saponified  to  form 
a  -  methyl- 0- (4- nitrophenyl)- aery  lie  acid.  In  this  respect  it  behaves  similarly  to  a -chloro-0 -arylpropionitriles. 
Methyl-d -chloro-0 -(4-nitrophenyl)-propionate,  obtained  from  methyl  methacrylate  (I)  and  p-nitrophenyldia¬ 
zonium  salt,  is  converted  into  methyl  4-  nitrocinnamate  in  79%  yield  on  heating  with  potassium  phthalimide. 
Compounds  prepared  by  the  haloarylation  reaction  are  listed  in  the  table. 

Both  the  a -chloro-0 -arylpropionitriles  and  the  methyl  esters  of  a -chloro-0 -arylisobutyric  acids  are  of 
definite  preparative  interest. 

In  this  communication  we  report  the  results  of  investigations  of  the  transformations  of  the  products  of 
halophenylation  and  halonaphthylation  into  the  corresponding  0 -substituted  propionic  and  isobutyric  acids,  ana¬ 
logs  of  which  have  found  application  as  plant-growth  stimulators: 

ArCHaCHClCN  ArCHaCHgCN, 

ArCHaCHaCN  — ^.ArCHaCHaCOOH, 

CH3  CH3 

ArCHa-C-COOCHa  Z"/CH,C00H^  ArCHa-CH-COOH. 

Cl 
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TABLE 


Chlorophsnyl  and  Chloronaphthyl  Derivatives  of  Acrylonitrile,  Methyl  Acrylate 
and  Methyl  Methacrylate 


Substance 

Reaction 

temper¬ 

ature 

%  yield 
of  sub¬ 
stance 

Constants  of  prepared 
substances 

Methyl -a  -chloro-fi  .-(4-nitrophenyl)- 
propionate 

Methyl-ff  -chloro-fl  -phenylisobutyrate 
Methyl-a -chloro-s -(^4-nltrophenyl)- 
isoDutyrate 

a-Chloro-6  -(l-naphthyl)-propionitrile 
a  -Chloro-g  -(2-naphthyl)-propionitrile 

25° 

27—29 

27-30 

40 

50 

50 

50 

72 

« 

* 

M.  p.  38—40° 

B.  p.  118— 119°  (10  mm) 

M.  p.  102.5—103.5° 

*  Ttie  prepared  substances  were  reduced  and  saponified  to  the  corresponding 
acids  wf^out  purification. 

We  also  utilized  this  reaction  for  the  synthesis  of  naphthyipropionic  acids.  The  chloronaphthyl  derivatives 
of  acrylonitrile  were  reduced  with  zinc  in  glacial  acetic  acid  and  after  hydrolysis  they  were  transformed  into 
2 -(a -naphthyl)-  and  2- (d -naphthyl)- propionic  acids. 

EXPERIMENTAL 

Methyl  a  -chloro-8-phenylisobutyrate.  Into  a  two- necked  flask,  fitted  with  stirrer  and  thermometer,  were 
placed  20  g  methyl  methacrylate  (II),  100  ml  acetone,  5  g  cupric  chloride  and  a  solution  of  phenyldiazonium 
salt  prepared  from  19,8  g  aniline.  The  mixture  was  gently  heated;  nitrogen  started  to  come  off  at  27-29"  and 
ceased  to  come  off  after  2  hours.  At  this  stage  the  reaction  mass  was  diluted  with  water  and  the  resultant  oil 
was  extracted  with  ether.  The  ethereal  solution  was  dried,  the  solvent  was  driven  off  and  the  residue  distilled  in 
vacuum  to  give  19.55  g  (47^o)  of  a  fraction  with  the  constants: 

B.p.  136-136.5"  (15  mm),  n]g  1.5154,  1.151,  MRp  55.72.  CuHigOjCr  3.  Calc.  56.28. 

Found  C  62.19,  62.34;  H  6.09,  6.14;  Cl  16.05,  16.01.  CjiHigOjCl.  Calculated  %:  C  62.12;  H  6.16; 

Cl  16.67. 


Methyl  a  -chloro-8  -(4-nitrophenyl)-isobutytate.  The  same  procedure  and  conditions  as  above  were  used 
for  the  reaction  of  a  solution  of  20  g  methyl  methacrylate  (II)  in  acetone  and  p-nitrophenyldiazonium  salt  pre¬ 
pared  from  27.5  g  p-nitroaniline.  Yield  37  g  (72<7o)  of  isobutyrate  with  m.  p.  102.5-103.5’  [2]. 


fl-Phenylpropionic  acid.  9  g  of  a  -chloro-B-phenylpropionitrile,  prepared  by  the  earlier  procedure  [1], 
was  dissolved  in  40  ml  glacial  acetic  acid;  the  solution  was  transferred  to  a  three- necked  flask  fitted  with  stirrer, 
reflux  condenser  and  thermometer;  portionwise  addition  was  then  made,  with  good  stirring,  of  10  g  zinc  dust. 
After  the  vigorous  reaction  had  ceased,  the  mixture  was  heated  2  hours  at  110",  the  acetic  acid  solution  was  sep¬ 
arated,  40  ml  concentrated  hydrochloric  acid  was  added  to  it  and  the  mixture  refluxed  for  8  hours.  The  solvents 
were  removed  in  vacuum  and  the  solid  residue  was  extracted  with  hot  benzene.  Removal  of  the  benzene  left 
4.0  g  (49^o)  of  acid  with  m.p.  47"  (from  methanol)  [3]. 

B -Phenylisobutyrlc  acid.  Reduction  of  5  g  of  methyl  a -chloro-6-phenylisobutyrate  by  the  procedure  des¬ 
cribed  above  gave  2.5  g  (65%)  of  acid  with  b.p.  135-137"  (10  mm),  m.p.  37"  [4]. 

2-(a -Naphthyl)-propionic  acid.  From  8  g  acrylonitrile,  dissolved  in  100  ml  acetone,  and  a  -naphthyldia- 
zonium  solution  prepared  from  21.5  g  a -naphthylamine  at  41-42",  was  obtained  an  oil  which  without  purification 
was  subjected  to  further  treatment,  in  a  solution  of  30  ml  glacial  acetic  acid,  with  zinc  dust  (10  g)  (4  hours  at 
110").  After  separation  from  sludge,  addition  was  made  to  the  solution  of  an  equal  volume  of  concentrated  hy¬ 
drochloric  acid  and  the  mixture  was  refluxed  for  3  hours.  After  cooling,  13.4  g  (45%)  of  acid  was  obtained  with 
m.p.  154-155"  (from  alcohol)  [5]. 
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2-(3-Naphthyl)-propionic  acid.  Using  the  above  procedure,  5.4  g  acrylonitrile  in  acetone  and  d-naphthyl- 
diazonium,  prepared  from  14.3  g  8 -naphthylaminei  gave  after  reduction  and  saponification  10  g  (50"/o)  acid  with 
m.p.  135’  [6]. 

a-Methyl-a-(4-nitrophenyl)- acrylic  acid.  A  solution  of  2.6  g  methyl  a -chloro-b -(4-nitrophenyl)- isobu¬ 
tyrate  in  20  ml  alcohol  was  refluxed  in  a  flask  with  2  g  potassium  hydroxide  for  40  minutes.  Yield  2  g  (917o) 
acid  with  m.p.  207-208*  (from  glacial  actic  acid)  [7]. 

Methyl  a  - chloro- 8  -(4- nitrophenyl)- propionate.  A  similar  method  was  used  for  preparation  from  8.6  g 
methyl  acrylate  and  13.5  g  diazotized  p-nitroaniline  at  25*  of  12.2  g  (507o)  propionate  with  m.p.  38-40’. 

Found  7o:  N  5.66.  C10H10O4NCI.  Calculated  7o:  N.5.79. 

Methyl  4-nitrocinnamate.  3  g  methyl  a -chloro- 8 -(4 -nitrophenyl)- propionate  and  4  g  potassiuhi  phthali- 
mide  were  heated  at  140-150’  for  4  hours;  15  ml  p-xylene  was  added  and  the  hot  solution  was  quickly  filtered. 
The  filtrate  deposited  2  g  (797o)  yellow  crystals  of  methyl  4-nitrocinnamate  with  m.p.  159.5-160.5’  (from  alco¬ 
hol):  m.p.  160.5’  (micro  determination)  [8]. 

SUMMARY 

1.  Methyl  acrylate  and  methyl  methacrylate  react  with  diazonium  salts  in  aqueous  acetone  solution  in 
presence  of  cupric  chloride  to  give  methyl  esters  of  a -chloro-5 -arylpropionic  and  a -chloro-6-arylisobutyric 
acid. 

2.  Reduction  of  a -chloro-8-phenylpropionitrile  and  methyl  a -chloro-8 -phenylisobutyrate  with  zinc  in 
glacial  acetic  acid  gave  good  yields  of  8-phenylpropionic,  8 -phenylisobutyric,  2-(a -napthyl)-  and  2-(8 -naph¬ 
thyl)- propionic  acids. 
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THE  NITRATION  OF  1  -  n  -  B  UT  YL  N  AP  H  T  H  A  L  E  N  E 


S.  I.  Sergievskaya  and  T.  S.  Safonova 


In  the  present  work  the  nitration  of  1-n-butylnaphthalene*  was  investigated  for  the  first  time.  Nitration 
was  effected  with  nitric  acid  of  various  concentrations  under  various  conditions.  Preliminary  experiments  showed 
that:  1)  tlitration  takes  place  only  when  using  nitric  acid  containing  oxides  of  nitrogen:  2)  1-butylnaphthalene 
nitrates  completely  with  the  help  of  nitric  acid  (d  1.4)  at  a  temperature  of-10”;  in  this  way  a  liquid  mixture  of 
nitro  compounds  is  formed  whose  main  component  is  4 -nitro- 1-butylnaphthalene ;  3)  the  mixture  of  nitro  com¬ 
pounds  obtained  cannot  be  resolved  into  its  components  merely  by  fractional  distillation.  Subsequently  we  em¬ 
ployed  the  method  of  chromatographic  adsorption  in  an  attempt  to  obtain  a  closer  insight  into  the  composition 
of  the  mixtures  obtained  under  various  conditions;  this  method  had  not  previously  been  applied  to  1-alkylnitro- 
naphthalenes.  The  adsorbent  was  aluminum  oxide  for  chromatography  (F-2);  solvents  used  in  succession  were 
ligroin  ,  benzene,  chloroform  and  ethyl  acetate.  The  material  subjected  to  chromatography  in  the  first  experi¬ 
ments  was  the  liquid  mixture  of  nitro  compounds  obtained  by  nitrating  with  nitric  acid  at— 10“  and  previously 
twice  distilled  (b.p.  144-147“  at  1  mm).  Chromatography  yielded  (experiment  l)4-nitro-l  butylnaphthalene 
(its  structure  was  confirmed  by  oxidation  with  nitric  acid  in  a  sealed  tube  to  form  4- nitro- 1- naphthoic  acid)  and 
a  crystalline  substance  with  m.p.  104*.  The  latter  was  isolated  in  such  minute  amount  that  it  could  not  be  in¬ 
vestigated  in  more  detail.  Considerable  resinification  occurred  when  the  mixture  of  nitro  compounds  was  distilled, 
due  to  which  a  portion  of  the  nitro  compounds  formed  escaped  observation.  In  all  later  experiments,  the  mixture 
of  nitro  compounds  was  therefore  not  distilled  before  chromatography.  Chromatography  of  the  undistilled  mix¬ 
ture  of  nitro  compounds,  obtained  under  the  conditions  mentioned  above,  did  not  lead  to  new  results;  the  com¬ 
position  of  the  mixture  remained  the  same;  nitration  with  nitric  acid  of  the  same  composition  but  at  +40"  (ex¬ 
periment  2)  led  to  higher  yield  of  the  crystalline  substance;  this  enabled  it  to  be  purified  and  analyzed  and  its 
structure  to  be  determined  by  means  of  an  oxidation  reaction.  This  compound  was  4,  5-dinitro-l-butylnapha- 
lene.  .  The  same  dinitro  compound  is  the  main  product  oY reaction  (yield  80%)  in  nitration  of  1-butylnaphtha¬ 
lene  with  nitric  acid  (d  1.5)  at— 10“  (experiment  3).  Rise  of  temperature  to  +10“  while  using  nitric  acid  of  tlie 
same  composition  leads  to  a  mixture  of  4,  5- dinitro- 1-butylnaphthalene  (43%)  with  trlnitrobutylnaphthalene 
(14.2%).  The  trinitro  compound  is  best  prepared  from  1-butylnaphthalene  by  using  nitric  acid  of  d  1.5  at  20-30*  or 
a  mixture  of  nitric  acid  (d  1.5)  and  sulfuric  acid  (d  1.84)  at— 10*  (experiment  5). 

The  experimental  results  showed  that,  depending  upon  the  temperature  and  the  nitric  acid  concentration, 
nitration  of  1  butylnaphthalene  gives  mono-,  di-  and  trinitro  compounds  in  various  ratios. 

We  utilized  the  qualitative  reaction  employed  by  Thompson  [2]  (in  separating  l-methyl-2,  4-dinitronaph- 
thalene  and  1  methyldinitronaphthalene)  for  investigation  of  the  products  of  nitration  under  conditions  leading 
to  formation  of  a  dinitro  compound  side  by  side  with  trlnitrobutylnaphthalene;  the  same  reaction  was  also  useful 
for  evaluation  of  the  completeness  of  separation  of  the  compounds  and  to  some  extent  also  for  elucidation  of 
their  structure.  Thompson  established  that  the  only  1-methyldinitro  compounds  to  give  characteristic  color  re¬ 
actions  with  aqueous  acetonic  or  aqueous  alcoholic  solutions  of  ammonia  or  caustic  soda  are  those  containing 
one  of  the  nitro  groups  in  the  2  position  of  the  naphthalene  nucleus.  Applying  this  reaction,  we  found  that  4, 
5-dinitro- 1-butylnaphthalene  does  not  give  color  reactions,  and  this  fact  was  consistent  both  with  our  proposed 


•  Prepared  by  hydrogenation  of  1-naphthylbutene-l  [1]. 
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structure  of  the  dinitro  compound  and  with  Thompson's  observations.  On  adding  to  the  test  solutions  In  question, 
however,  a  mixture  of  4,  5-dinitro-l-butylnaphthalene  and  trinitro  compound,  or  the  trinitrobutylnaphthalene 
alone,  a  definite  coloration  was  observed.  On  the  basis  of  tliese  observations  we  may  conclude  that  one  of  the 
nitro  groups  of  1-butyltrinitronaphthalene  occupies  the  2  position  of  the  naphthalene  nucleus.  The  position  of 
die  two  odier  groups  was  established  in  further  investigations  in  which  both  4-nitro-l-butylnaphthalene  and  4, 
5-dinitro-l-butylnaphthalene  were  subjected  to  nitration  under  various  conditions.  The  following  results  were 
tiien  obtained:  4-nitro-l-butylnaphthalene  is  transformed  almost  completely  into  4,  5- dinitro- 1-butylnaphtha- 
lene  by  the  action  of  nitric  acid  (d  1.5)  at  ~10*  (experiment  6);  employment  of  nitric  acid  of  lower  concentra¬ 
tion  at  various  temperatures  (from  —10*  to  +10*)  leads  to  only  small  amounts  of  dinitro  compound  (.7-137o);  rise 
of  temperature  in  nitration  with  nitric  acid  of  d  1.5  leads  to  formation  of  a  mixture  of  dinitro  and  trinitro  com¬ 
pounds:  the  trinitro  compound  becomes  the  main  reaction  product  when  nitration  is  effected  at  20-30’  (experir 
ment  7).  The  trinitro  compound  was  identical  with  the  trinitro- 1-butylnaphthalene  obtained  from  1-butylnaphr 
thalene. 

In  the  nitration  of  4,  5-dinitro  1-butylnaphthalene  we  established  the  conditions  (experiment  8)  in  which 
the  sole  product  of  reaction  was  the  same  as  previously,  namely  trinitro- 1-butylnaphthalene.  Consecutive  trans¬ 
formation  of  1-butylnaphthalene  into  4-nitro-l-butylnaphthalene,  and  4,  5-dinitro-l-butylnaphthalene,  and  the 
transformation  of  4,  5-dinitro  1-butylnaphthalene  into  trinitro- 1-butylnaphthalene  showed  that  in  the  latter  the 
two  nitro  groups  occupy  positions  4  and  5  of  the  naphthalene  nucleus.  The  position  of  the  third  group  can,  as 
indicated  above,  be  established  on  the  basis  of  Thompson's  color  reaction.  The  foregoing  data  enable  us  to  con¬ 
clude  that  the  trinitro  compound  obtained  in  all  the  cases  mentioned  is  2,  4,  5-trinitro- 1-butylnaphthalene. 
Moreover,  the  formation  of  the  same  polynitro  compounds,  regardless  of  the  starting  substance,  indicates  that 
nitro  groups  enter  the  naphthalene  nucleus  in  a  stepwise  manner  and  always  in  the  same  order.  The  various 
transformations  are  represented  by  the  following  scheme: 


EXPERIMENTAL 

Nitration  of  1  -  n-Butyln aphthalene 

1.  Nitration  with  nitric  acid  of  d  1.4  at— 10* ;  4-nitro-l-butylnaphthalene.  20  g  of  1-butylnaphthalene 
was  added  with  rapid  stirring  in  the  course  of  20  minutes  at  —10“  to  40  ml  nitric  acid  containing  oxides  of  nitro¬ 
gen.  The  reaction  mixture  was  then  stirred  for  20  minutes  and  poured  into  water.  The  oily  substance  was  ex¬ 
tracted  with  ether  and  the  ethereal  extract  was  washed  witli  water,  with  sodium  carbonate  solution  and  again 
with  water.  It  was  then  dried  with  sodium  sulfate.  The  etlicr  was  driven  off  to  leave  an  oil  which  was  distilled 
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in  vacuum  to  give  the  following  fractions:  1st  fraction  b.p.  99-110’  (1  mm),  0.2  g;  2nd  fraction  b.p.  111-158* 

(1  mm),  23.1  g.  The  second  fraction  was  redistilled  to  give:  1st  fraction  b.p.  99-101*  (1  mm),  0.1  g  (1-butyl- 
naphthalene):  2nd  fraction  b.p.  102-142”  (1  mm),  0.2  g;  3rd  fraction  b.p.  144- 14T  (1  mm),  20.5  g.  The  com¬ 
pound  with  b.p.  144- 14T  is  a  mixture  of  nitro  compounds. 

Chromatog  rapliy  of  nitrocompound  s^  with  _b  .p.  144-14  7* 

a)  Preparation  of  the  column.  A  suspension  of  60  g  alumina  for  chromatography  (F-2)  in  ligroin  was 
poured  in  small  portions  into  a  tube  with  a  diameter  of  15  mm  and  a  height  of  1  meter.  The  solvent  then  flowed 
out  uniformly  from  the  tube  and  the  alumina  was  deposited  and  became  firm.  After  the  whole  of  the  alumina 
had  been  transferred  to  the  tube,  the  upper  layer  of  adsorbent  was  coveted  with  a  perforated  porcelain  plate  and 
ligroin  was  poured  over  until  a  nonsettling  column  of  sorbent  was  formed. 

b)  Chromatogram ming.  A  solution  of  3  g  of  twice- distilled  substance  with  b.p.  144- 14T  (1  mm)  in  30 
ml  ligroin  (40-60*  fraction)  was  passed  through  the  column.  After  the  whole  of  the  solution  had  been  taken  up 
by  the  sorbent,  the  walls  of  the  tube  were  washed  with  a  small  quantity  of  ligroin  to  remove  traces  of  nitro  pro¬ 
duct  from  tlie  walls.  After  a  short  interval  of  time,  the  column  was  washed  with  ligroin  ,  30  ml  lots  of  solution 
discharging  from  the  column  being  collected  (during  the  experiment  the  column  of  sorbent  was  continuously 
covered  with  liquid).  Several  fractions  were  obtained  in  this  manner;  the  ligroin  was  driven  off  from  them  and 
the  residue  weighed  and  examined.  Substances  with  similar  properties  were  combined.  Elution  with  ligroin 
was  continued  until  no  residue  was  detected  after  distillation  of  a  fraction.  After  this,  the  column  was  eluted 

in  succession  with  benzene,  chloroform  and  ethyl  acetate.  Transition  from  one  solution  to  another  was  effected 
gradually,  increasing  amounts  of  a  second  solvent  being  added  to  the  first.*  Chromatographic  resolution  of  3  g 
of  mixture  of  nitro  compounds  gave  2.7  g  of  oily  substance  with  b.p.  142-143*  (1  mm)  (from  fractions  obtained 
by  elution  of  the  column  with  ligroin  ),  0.05  g  crystalline  substance  with  m.p.  104*  (from  fractions  collected 
during  elution  of  the  column  with  chloroform),  0.04  g  intermediate  fraction  (obtained  during  elution  with  a  mix¬ 
ture  of  benzene  and  chloroform)  and  0.2  g  resin.  The  compound  with  b.p.  142-143*  (1  mm)  is  l-butyl-4-nitro- 
naphthalene;  for  analysis  it  was  redistilled  in  vacuum:  a  light-yellow,  viscous  liquid  with  b.p.  132-133*  (0.5 
mm),  odorless,  soluble  in  benzene,  chloroform,  ether  and  acetone,  insoluble  in  water  or  in  solutions  of  acids  and 
alkalies. 

Found  °h  C  73.32:  H  6.67;  N  6.15.  Ci4Hi50iN.  Calculated  %:  C  73.34;  H  6.59;  N  6.11. 

Oxidation  of  4-nitro-l-butylnaphthalene  purified  by  chromatography.  0.5  g  4-nitro-l-butylnaphthalene 
(b.p.  132-133"  at  0.5  mm)  and  5  ml  of  11  %  nitric  acid  solution  were  heated  in  a  sealed  tube  at  180’  for  8  hours. 
At  the  conclusion  of  the  heating,  the  nitric  acid  was  decanted  and  the  residue  (a  crystalline  substance  admixed 
with  resins)  was  treated  with  sodium  carbonate  solution.  The  solution  was  filtered  and  the  filtrate  was  washed 
several  times  with  ether  and  acidified  with  hydrochloric  acid  until  acid  to  Congo.  The  precipitated  yellow  crys¬ 
tals  were  collected  and  washed  with  water.  Yield  0.1  g  acid  (25%)  with  m.p.  219-220".  After  recrystallization 
from  alcohol  the  m.p.  was  222-223".  A  mixture  with  1,  4-nitronaphthoic  acid  (m.p.  223-223.5")  melted  at 
222-223*. 

2.  Nitration  of  1-butylnaphthalene  with  nitric  acid _(d  1.40)  at  40*;  4,  5-dinitro-l-butylnaphthalene .  T o 
5  ml  nitric  acid  (d  1.4)  at  +40*  was  added  2.5  g  1-butylnaphthalene;  the  mixture  was  stirred  for  15  minutes  at 
the  same  temperature  and  the  reaction  mass  poured  into  water.  Further  working  up  was  the  same  as  in  the  pre¬ 
ceding  experiment.  Yield  3.2  g  oily  substance,  3  g  of  which  was  subjected  to  chromatographic  treatment  as  in 
experiment  1.  The  solvents,  used  in  succession,  were  ligroin  ,  benzene,  dichloroethane,  ethyl  acetate  and  al¬ 
cohol.  Chromatography  gave  2.55  g  of  4-nitro-l-butylnaphthalene  (from  fractions  obtained  by  elution  of  the 
column  with  ethyl  acetate)  with  m.p.  104*.  After  two  crystallizations  from  alcohol,  th3  m.p.  was  106.5-107" ; 
light- yellow  needles,  soluble  in  benzene,  chloroform  and  ethyl  acetate,  poorly  soluble  in  gasoline,  and  ether, 
insoluble  in  water  and  in  solutions  of  caustic  alkalies  and  mineral  acids.  The  substance  does  not  give  a  colora¬ 
tion  with  aqueous  alcoholic  or  aqueous  acetonic  solutions  of  sodium  hydroxide  or  ammonia.  On  the  basis  of  the 
elementary  analysis  the  substance  is  dinitro- 1-butylnaphthalene. 


I 

I 


II 


•  All  later  chromatographic  experiments  were  performed  by  this  procedure. 
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Found  C  61.42,  61.34;  H  5.26,  5.07;  N  10.15.Ci4Hi4O4N2.  Calculated'^:  C  61.31;  H  5.14;  N  10.21 

Oxidation  of  4,  5-dinitro- 1-butylnaphthalenc.  A  mixture  of  1  g  dinitro-butylnaphthalene  (m.p.  106.5- 
107*)  with  15  ml  17*5^  nitric  acid  solution  was  heated  in  a  sealed  tube  for  7  hours  at  175-178*.  At  the  conclusion 
of  the  heating,  the  yellow  crystals  were  filtered  and  dissolved  in  saturated  sodium  carbonate  solution.  Further 
treatment  was  the  same  as  in  the  experiment  on  oxidation  of  4-nitro- 1-butylnaphthalene.  Yield  0.5  g  substance 
with  m.p.  258*;  after  recrystallization  from  aqueous  alcohol  the  substance  has  m.p.  264-265*;  according  to  the 
literature  [3]  this  is  the  melting  point  of  4,  5-dinitro- 1- naphthoic  acid. 

Found  ’’joi  N  10.60.  CnH^OgNj.  Calculated  *70:  N  10.68. 

The  ethyl  ester  of  4,  5-dinitro- 1- naphthoic  acid  was  obtained  by  saturation  with  hydrogen  chloride  of  a 
solution  of  the  prepared  4,  5-dinitro- 1-naphthoic  acid  in  anhydrous  ethyl  alcohol.  Yellow  needles  from  alcohol, 
m.p.  142-143*  (the  literature  reports  m.p.  143*  [3]). 

3.  Nitration  of  1-butylnaphthalene  with  nitric  acid  (d  1.50)  at~-10*;  4,  5-dinitro- 1-butylnaphthalene.  T o 
3  ml  fuming  nitric  acid  at -10*  was  added  1.5  g  1-butylnaphthalene  and  the  reaction  mixture  was  stirred  at  tlie 
same  temperature  for  15  minutes  and  then  poured  into  water;  the  oily  substance  was  extracted  with  benzene. 

The  benzene  solution  was  washed  with  water,  then  with  sodium  carbonate  solution  and  again  with  water;  it  was 
then  dried  with  calcium  chloride.  After  driving  off  the  benzene,  2.1  g  of  oily  substance  was  obtained;  2  g  of 
diis  was  chromatogrammed  in  a  column  containing  40  g  alumina,  using  carbon  tetrachloride  as  the  first  solvent, 
followed  by  ethyl  acetate.  Elution  of  the  column  with  carbon  tetrachloride  gave  0.1  g  of  a  mixture  of  4-nitro- 
1-butylnaphthalene  with  4,  5-dinitro- 1-butylnaphthalene  and  1.7  g  of  unpurified  4,  5-dinitro- 1-butylnaphthalene 
with  m.p.  104*  (yield  80'7o);  after  recrystallization  from  alcohol  the  4,  5-dinitro- 1-butylnaphthalene  melted  at 
106.5-107*.  A  mixed  specimen  with  4,  5-dinitro- 1-butylnaphthalene  from  the  preceding  experiment  melted 

at  106*. 

Final  washing  of  the  adsorbent  with  ethyl  acetate  gave  0.2  g  resin. 

4.  Nitration  of  1-butylnaphthalene  with  nitric  acid  (d  1.50)  at  4IO*;  2,4,  5- trinitro- 1-butylnaphthalene. 

To  1.5  ml  nitric  acid  (d  1.50)  was  added  0.7  g  1-butylnaphthalene  at  +10*,  and  the  mixture  was  stirred  for  15 
minutes  and  poured  into  water.  The  product  was  worked  up  as  in  the  preceding  experiments.  Yield  1.1  g  oily 
substance  which  solidified  on  standing:  1  g  of  this  substance  was  subjected  to  chromatography  from  benzene, 
which  gave  0.26  g  of  4,  5-dinitro- 1-butylnaphthalene  with  m.p.  104*  (after  recrystallization  from  alcohol  the 
m.p.  rose  to  106*)  and  0.49  g  yellow  crystalline  substance  with  m.p.  85-86*.  A  mixture  of  this  substance  with 
4,  5-dinitro-butylnaphthalene  (m.p.  106.5-107*)  melted  at  92-93*.  A  deep  color  was  developed  when  small 
amounts  of  the  substance  were  added  to  an  aqueous  alcoholic  or  an  aqueous  acetonic  solution  of  sodium  hydroxide 
or  ammonia. 

Thus,  the  following  colors  were  obtained  when  using  solutions  from  1  ml  of  2  N  aqueous  NaC»l  or  2  N 
NH4(X1  and  10  ml  alcohol  or  acetone;  NaCXl  +  alcohol—  ted;  NaOH  +  acetone  —  crimson;  NaOH  +  alcohol  -  vio: 
Jet  (develops  gradually):  NH4OH  +  acetone  -  violet. 

0.4  g  substance  with  m.p.  85-86*  was  again  chromatogrammed  from  benzene.  This  treatment  gave  0.15  g 
of  4,  5-dinitro- 1-butylnaphthalene  (m.p.  104*,  after  recrystallization  m.p.  106.5-107*),  0.16  g  substance  with 
m.p.  129-130*  (after  recrystallization  from  carbon  tetrachloride  m.p.  130*)  and  0.08  g  substance  with  m.p.  85-86°. 
A  mixture  of  the  substance  with  m.p.  130*  and  4,  5-dinitro- 1-butylnaphthalene  (m.p.  106.5-107*)  melted  at 
85-86*.  The  substance  with  m.p.  130*  gives  color  reactions. 

Using  solutions  of  1  ml  2  N  aqueous  NaOH  or  NH4OH  and  10  ml  alcohol  or  acetone,  the  following  colors 
were  obtained:  NaOH  +  alcohol  -  red;  NaOH  +  acetone  -  cherry-red;  NH4OH  +  alcohol  -  pink;  NH4OH  +  acetone 
-  violet. 

The  substance  with  m.p.  130*  forms  long,  yellow  needles  (from  carbon  tetrachloride),  readily  soluble  in 
benzene,  chloroform  and  ethyl  acetate,  less  soluble  in  aleohol  and  carbon  tetrachloride,  and  insoluble  in  water, 
gasoline  and  solutions  of  caustic  alkalies  and  mineral  acids.  Judging  by  the  elementary  analysis,  the  substance 
is  trinitrobutylnaphthalene. 

Found  <70:  C  53.11;  H  4.24;  N  13.48.  C^HijOgNa.  Calcubtcd  <7o:  C  52.66;  H  4.10;  N  13.15. 
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Performance  of  the  reaction  by  the  same  method  but  at  a  temperature  of  20*  gave  trinitro- 1-butylnaptha- 
lene  in  a  yield  of  67*70 . 

5.  Nitration  of  1-butylnaphthalene  with  a  mixture  of  sulfuric  and  nitric  acids  at  —10*;  2,4,  5- trinitro- 1- 
butylnapthalcne.  To  a  mixture  of  0.75  ml  nitric  acid  (d  1.5)  and  0.75  ml  sulfuric  acid  (d  1.84)  was  added  1  g 
1-butylnaphthaleiie  with  vigorous  stirring.  The  temperature  of  the  mixture  was  held  at  —10*  during  this  operation. 
The  reaction  mixture  was  thereupon  stirred  for  a  further  10-15  minutes  before  pouring  into  iced  water.  The  pro¬ 
duct  was  worked  up  as  in  the  preceding  experiment.  Yield  1.57  g  oily  substance,  lliis  solidified  on  standing; 

1  g  of  this  substance  was  chromatogrammed  in  a  column  containing  20  g  alumina,  using  the  following  solvents 
in  succession:  benzene,  chloroform,  carbon  tetrachloride,  ethyl  acetate  and  alcohol.  Elution  of  the  colutnn  with 
benzene  gave  0.82  g  crystals  with  m.p.  13(f .  The  compound  gives  the  color  reactions  characteristic  of  2,  4,  5- 
trinitro-l-butylnaphthalene.  A  mixture  with  the  previously  obtained  trinitrobutylnaphthalene  (m.p.  130*)  melted 
at  130*.  (Yield  of  trinitrobutylnaphthalene  73.9%,  reckoned  on  the  1-butylnaphthalene.) 

No  desorption  of  substance  was  effected  in  subsequent  elution  of  the  column  with  chloroform,  carbon  tetra¬ 
chloride  and  ethyl  acetate.  Final  elution  of  the  column  with  ethyl  alcohol  gave  0.18  g  of  resin. 

N i tration  of  4-Nitro-l- Butylnaphthalene 

6.  Nitration  with  nitric  acid  (d  1.5)  at~l(f;  4,  5-dinitro- 1-butyinaphthalene.  With  vigorous  stirring  at 
— 10* ,  2  g  4- nitro- 1-butylnaphthalene  was  added  to  4  mi  nitric  acid  (d  1.5);  stirring  was  then  continued  for  an¬ 
other  10  minutes,  after  which  die  reaction  mixture  was  poured  into  iced  water.  The  oily  substance  was  extracted 
with  benzene  and  the  benzene  solution  was  washed  with  water  until  neutral  and  dried  with  calcium  chloride. 
Removal  of  the  benzene  left  2.5  g  oily  product;  2  g  of  this  was  chromatogrammed  in  a  column  containing  40  g 
alumina,  using  the  following  solvents  in  succession:  benzene,  chloroform,  carbon  tetrachloride,  ethyl  acetate 
and  alcohol.  Elution  of  the  column  with  benzene  gave  0.13  g  of  original  4- nitro- 1-butylnaphthalene,  then  0.08 
g  of  a  mixture  of  the  original  substance  with  4,  5-dinitro- 1-butylnaphthalene;  further  washing  of  the  column  with 
the  same  solvent  gave  1.7  g  (91.37o)  4,  5-dinitro-l-butylnaphthalene  with  m.p.  104*.  After  recrystallization  from 
alcohol  the  m.p.  was  106.5- lOT.  A  specimen  of  this  compound  mixed  with  4,  5-dinitro-l-butylnaphthalene 
(m.p.  106,5- lOT)  isolated  during  nitration  of  1-butylnaphthalene  melted  at  106*.  No  desorption  of  substance  oc¬ 
curred  in  subsequent  elution  of  the  column  with  chloroform,  carbon  tetrachloride  and  ethyl  acetate.  Final  wash¬ 
ing  of  the  column  with  alcohol  gave  0.1  g  resin. 

7.  Nitration  of  4-nitro- 1-butylnaphthalene  with  nitric  acid  (d  1.5)  at  20-30*;  2,4,  5- trinitro- 1-butylnaph- 
thalene.  To  3.5  ml  nitric  acid  (d  1.5)  was  added  1.5  g  4-nitro- 1-butylnaphthalene  at  20-30*;  stirring  was  then 
continued  for  10  minutes  at  the  same  temperature  before  the  mass  was  poured  into  water.  The  product  was  worked 
up  as  in  the  preceding  experiments.  1.85  g  of  oily  substance  was  obtained  and  crystallized  on  standing.  1.5  g 
was  subjected  to  chromatographic  resolution  from  benzene  to  give  1.11  g  compound  with  m.p.  129-130*  (130* 
after  recrystallization  from  carbon  tetrachloride).  A  mixture  with  trinitrobutylnaphthalene  prepared  from  1-bu¬ 
tylnaphthalene  also  melted  at  130*. 

8.  Nitration  of  l-butyl-4,  5-dinitronaphthalene  with  nitric  acid  (d  1.5)  at  +25*.  To  3  ml  nitric  acid  (d 
1.5)  was  added  1  g  4,  5-dinitro-l-butylnaphthalene  at  +25*.  The  mixture  was  stirred  for  10  minutes  and  poured 
into  water.  The  oily  substance  was  extracted  with  benzene  and  worked  up  as  in  the  preceding  experiments  to 
give  1.1  g  oily  substance  which  crystallized  on  standing:  1  g  of  this  was  chromatogrammed;  solvents:  carbon 
tetrachloride  and  ethyl  acetate. 

Chromatographic  separation  yielded  0.7  g  trinitrobutylnapthalene  with  m.p.  129-130*  (130*  after  recrys¬ 
tallization  from  benzene).  A  mixture  with  trinitrobutylnapthalene  (m.p.  130°),  prepared  by  nitration  of  1-butyl¬ 
naphthalene  and  4-nitro  1-butylnaphthalene,  melted  at  130*. 

SUMMARY 

1..  Nitration  of  1-n- butylnaphthalene,  4-nitro- 1-n-butylnaphthalene  and  4,  5-dinitro- 1-n-butylnaphthalene 
was  effected  under  various  conditions. 

2.  Cliromatographic  adsorption  was  employed  for  resolution  of  the  mixture  of  nitro  compounds  obtained 
by  nitration. 
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3.  The  structure  of  4-nitro-l-n-butylnaphthalene  and  4,  5-dinitro- 1-n-butylnaphthalene  was  confirmed, 
and  the  position  of  two  nitro  groups  in  trinitro- 1-n-butylnaphthalene  was  established.  The  position  of  the  third 
nitro  group  in  trinitrobutylnaphthalene  was  predicted. 
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4- AMINO- 1-n- BUT  YLNAPHTHALENE  AND  ITS  TRANSFORMATIONS 


S.  I.  Sergievskaya  and  T.  S.  Safonova 


We  prepared  4-aniino-n-butyInaphthalene  by  catalytic  reduction  of  4-nitro-l-n-butyInaphthalene  in  pre¬ 
sence  of  skeletal  nickel  catalyst. 

4- Amino-1-n-butylnaphthalene  is  a  liquid  which  darkens  rapidly  in  the  air  especially  when  heated;  its 
distillation  was  therefore  effected  in  a  nitrogen  atmosphere  and  in  presence  of  antioxidants.  4-Nitro-l-n-butyl- 
naphthalene  purified  only  by  distillation  can  be  taken  for  the  reduction;  as  we  have  previously  noted  [1],  this 
material  contains  a  small  amount  of  4,  5-dinitro-l-n-butylnaphthalene;  the  sole  reaction  product  that  we  iso¬ 
lated  was  then  4-amino- 1-n-butylnaphthalene,  but  its  purification  was  more  difficult. 

For  the  preparation  of  derivatives  of  aminobutylnaphthalene  substituted  at  the  amino  group,  it  is  very  much 
more  convenient  to  start  from  4-nitro- 1-n-butylnaphthalene  purified  by  chromatography,  and  then  to  subject  the 
reduced  product  without  distillation  to  further  transformations.  We  used  4-amino- 1-n-butylnaphthalene  for  the 
preparation  of  4-chloro-  and  4- iodo- 1-n-butylnaphthalene  via  a  diazo  compound.  Diazotization  of  aminobutyl¬ 
naphthalene  is  complicated  by  the  poor  solubility  of  its  hydrochloride  and  sulfate  in  acids.  During  replacement 
of  the  diazo  group  by  halogen,  it  was  found  that  relatively  facile  deamination  occurs  at  the  same  time  as  for¬ 
mation  of  halo  or  hydroxy  compounds;  thus  in  the  preparation  of  4-chloro-l-n-butylnapthalene  by  the  action  of 
cuprous  chloride  on  the  diazo  compound,  we  obtained  1-n-butylnaphthalene  in  27.9%  yield  in  addition  to  4- 
chloro-  and  4-hydroxy- 1-butylnaphthalene.  Deamination  did  not  occur  when  the  diazo  group  was  replaced  by 
iodine  with  the  help  of  an  equivalent  amount  of  potassium  iodide  in  sulfuric  acid  solution,  and  only  4-iodo-  and 
4-hydroxy- 1-n-butylnaphthalene  were  isolated.  If,  however,  an  excess  of  potassium  iodide  (1.5  moles)  were  used, 
then  1-n-butylnaphthalene  is  formed  in  addition  in  a  yield  of  about  10%. 

We  prepared  4-n-butyl-l-naphthoic  acid  from  4-iodo-n-butylnaphthalene  by  the  Grignard  reaction. 

EXPERIMENTAL 

4- Amino- 1-n-butylnaphthalene.  To  a  solution  of  4.5  g  4-nitro -1-n-butylnaphthalene  (b.p.  132-133*  at 
0.5  mm)  in  90  ml  of  a  2 : 1  mixture  of  ethyl  acetate  and  alcohol  was  added  1  g  skeletal  nickel  catalyst  and  hy¬ 
drogenation  was  effected  at  atmospheric  pressure  and  a  temperature  of  35-40*.  In  the  course  of  30  minutes  the 
theoretical  amount  of  hydrogen  (1320  ml)  was  absorbed.  After  working  up  in  the  usual  manner  and  removal  of 
the  solvent,  the  residual  substance  was  dissolved  in  ether  and  dried  with  potassium  carbonate.  After  the  ether 
had  been  driven  off,  the  substance  was  distilled  in  vacuum  in  a  nitrogen  stream  with  addition  of  a  small  quantity 
(0.1%)  of  ethyl  2-mercapto-4-aminobenzoate.  Yield  3.6  g  (887o)  of  4-amino- 1-n-butylnaphthalene  with  b.p. 
141-142®  (1  mm).  The  compound  was  redistilled  for  analysis;  b.p.  133.5-134®  (0.5  mm). 

4- Amino- 1-n-butylnaphthalene  is  a  pale-yellow,  oily  substance  rapidly  darkening  in  the  air,  soluble  in 
the  majority  of  organic  solvents,  sparingly  soluble  in  mineral  acids,  insoluble  in  water  and  caustic  alkali. 

Found  %:  C  84.02;  H  8.40;  N6.56.  C14H17N.  Calculated  %:  C  84.37;  H  8.60;  N  7.02. 

4 -Amino- 1-butylnaphthalene  hydrochloride  forms  colorless  plates  from  alcohol,  m.p.  229-231®  (decomp.), 
soluble  in  alcohol,  hot  benzene,  ethyl  acetate,  sparingly  soluble  in  solutions  qf  mineral  acids,  insoluble  in  ether, 
acetone  and  water. 

Found  %:  N  6.09;  Cl  15.27.  Ci4Hi7N  'HCl.  Calculated  %:  N  5.94;  Cl  15.09. 
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4-Acctylamino-l-n-butylnaphthalene  was  prepared  by  the  action  of  0.3  ml  acetic  anhydride  on  a  solution 
of  0.5  g  4-amino-l -butylnaphthalene  in  1  ml  benzene.  The  colorless  crystals  were  recrystallized  from  benzene. 
Yield  0.57  g  (93.4%)  with  m.p.  129-130'. 

For  analytical  purposes  the  compound  was  twice  recrystallized  from  benzene.  Colorless  needles,  m.p.  131- 
131.5';  soluble  in  alcohol,  acetone  and  other  organic  solvents,  insoluble  in  water  and  solutions  (4  acids  and  al¬ 
kalies. 

Found  %:  N  5.74.  CieH^gON.  Calculated  %:  N  5.80. 

4-Acetylamino-l-n-butylnaphthalene  was  also  prepared  by  another  method.  To  a  solution  of  2.6  g  4-ni- 
tro-l-butylnaphthalene  (b.p.  132-133'  at  0.5  mm),  isolated  by  chromatography,  in  30  ml  alcohol  was  added  1  g 
skeletal  nickel  catalyst,  and  tlie  mixture  was  shaken  in  a  hydrogen  atmosphere  at  35-40“  and  atmospheric  pres¬ 
sure.  In  the  course  of  25  minutes  760  ml  hydrogen  was  absorbed.  After  working  up  in  the  usual  manner  and  re¬ 
moval  of  the  alcohol,  6  ml  anhydrous  benzene  and  2  ml  acetic  anhydride  were  added  to  the  residue  (2.2  g). 

2.58  g  product  was  obtained  with  m.p.  127-129',  rising  to  131-137*  after  recrystallization  from  benzene.  In  or¬ 
der  to  check  the  individuality  of  the  substance  with  m.p.  127-129*,  1  g  of  this  was  chromatogrammed  over  alu¬ 
mina,  using  benzene  as  solvent.  This  operation  yielded  only  one  substance  (0.91  g)  with  m.p.  129-130’;  after 
recrystallization  from  benzene  m.p.  131-131.5’.  A  mixture  of  this  substance  with  the  4-acetylamino- 1-butyl- 
naphthalene  (m.p.  131-131.5')  prepared  in  the  preceding  experiment  melted  at  130-131'. 

4 - Benzoy lam ino- 1  - n- butylnaphthalene .  To  a  solution  of  1  g  l-butyl-4-aminonaphthalene  in  5  ml  anhy¬ 
drous  benzene  was  added  0.8  ml  benzoyl  chloride.  The  crystalline  precipitate  was  washed  several  times  with 
ether.  Yield  1.35  g  (88%)  substance  with  m.p.  129-130',  rising  to  132-132.5'  after  two  recrystallizations  from 
alcohol.  Long  colorless  needles,  soluble  in  acetone,  hot  benzene  and  chloroform,  insoluble  in  water  and  in  solu¬ 
tions  of  mineral  acids  and  alkalies. 

Found  %;  N  4.70,  4.72.  C^HjiGN.  Calculated  %:  N  4.61. 

4-Chloro-  1-n-butylnaphthalene.  To  10  g  4-amino-l-butylnaphtlialene  in  100  ml  28%  hydrochloric  acid 
was  added  a  solution  of  3.3  g  sodium  nitrite  in  10  ml  water  (10%  excess)  at  a  temperature  of— 5  to  O'.  The  re¬ 
action  mixture  was  stirred  for  10  minutes  at  (f ,  after  which  the  excess  of  nitrous  acid  was  removed  by  addition 
of  urea.  The  solution  of  diazonium  salt  was  rapidly  filtered  and  added  to  a  cooled  (0°),  freshly  prepared  solution 
of  5  g  cuprous  chloride  in  50  ml  concentrated  hydrochloric  acid.  The  mixture  was  heated  to  90"  and  then  cooled 
to  room  temperature.  The  resultant  oily  substance  was  extracted  with  ether  and  the  ethereal  solution  was  washed 
with  10%  alkali  solution  and  then  with  water  (until  neutral  to  litmus)  and  dried  with  calcium  chloride.  After  the 
ether  had  been  driven  off,  the  residue  was  subjected  to  repeated  fractional  distillation  in  vacuum  to  give  3.7  g 
(33.7%)  4-chloro-l-butylnaphthalene  and  2.6  g  (27.9%)  1-n-butylnaphthalene. 

4-Chloro- 1-n-butylnaphthalene  is  a  light- yellow  liquid  with  b.p.  122.5-123'  (1  mm),  darkening  in  the 
air,  soluble  in  the  majority  of  organic  solvents,  insoluble  in  water. 

Found  %:  Cl  15.82.  C14H15CI.  Calculated  %:  Cl  16.21. 

0.9  g  (9%)  4-hydroxy- 1- butylnaphthalene  witli  b.p.  184-186*  (9  mm)  was  obtained  from  the  alkaline  solu¬ 
tion  obtained  by  washing  the  ethereal  extract,  after  acidification  with  hydrochloric  acid  and  further  working-up. 

4-Iodo- 1-n-butylnaphthalene.  10  g  4-amino-l-butylnaphthalene  was  dissolved  with  heating  in  110  ml  of 
2  N  sulfuric  acid  solution,  then  cooled  to  O',  and  a  solution  of  3.3  g  sodium  nitrite  in  8  ml  water  was  added  with 
energetic  stirring.  The  reaction  mixture  was  stirred  for  10  minutes,  an  aqueous  solution  of  8.3  g  potassium  iodide 
was  added,  and  stirring  was  continued  for  2  hours  at  room  temperature.  The  solution  was  heated  to  10(f  and  then 
cooled.  The  resultant  oil  was  extracted  with  benzene;  the  benzene  solution  was  washed  several  times  with  warm 
sodium  bisulfite  solution,  with  10%  sodium  hydroxide  solution  and  with  water  (until  neutral  to  litmus),  and  then 
dried  with  calcium  chloride.  After  distillation  of  the  benzene,  the  residual  substance  (9.8  g)  was  distilled  in 
vacuum.  Three' distillations  gave  7.6  g  (49.5%)  of  4-iodo- 1-n-butylnaphthalene  with  b.p.  154-155'  (1  mm). 

4-Iodo- 1-n-butylnaphthalene  is  a  yellow  oil,  soluble  in  the  majority  of  organic  solvents,  insoluble  in  water, 
rapidly  breaking  down  with  liberation  of  iodine. 

Found  %;  C  54.47;  H  5.03.  C10H15I.  Calculated  %:  C  54.21:  H  4.87. 


The  alkaline  solution  obtained  in  washing  the  benzene  solution  gave,  after  acidification  and  the  usual 
working-up,  1.1  g  of  4-hydroxy- 1-n-butylnapthalene  with  b.p.  184-185“  (1  mm). 

4-n- Butyl- 1- naphthoic  acid.  To  a  mixture  of  0.24  g  magnesium  and  50  ml  absolute  ether  was  added  0.1 
ml  tjiethyl  iodide  and  a  solution  of  3.1  g  4-iodo-l-n-butylnaphthalene  in  10  ml  absolute  ether:  the  reaction 
mixture  was  stirred  for  30  minutes  at  the  boiling  point  of  ether.  After  the  magnesium  had  dissolved,  the  reaction 
mixture  was  poured  into  a  mixture  of  absolute  ether  and  solid  carbon  dioxide.  The  ether  was  decanted  and  the 
residue  carefully  triturated  with  3  ml  of  18%  hydrochloric  acid.  Yield  1.14  g  (50%)  amorphous  substance  with 
m.p.  146-147*.  After  2  recrystallizations  from  aqueous  alcohol,  4-n-butyl-l-naphthoic  acid  melted  at  148-148.5“. 
It  was  identical  with  the  4-n-butyl-l-naphthoic  acid  that  we  prepared  from  1-n-butyl  hydroxymethylnaphtha- 
lene. 


SUMMARY 

[1]  4- Amino-1-n-butylnaphthalene  and  its  hydrochloride  and  acetyl  and  benzoyl  derivatives  were  pre¬ 
pared. 

[2]  4-Chloro-l-n-butylnaphthalene,  4-iodo-l-n-butylnaphthalene  and  4-n-butyl-l-napthoic  acid  were 
prepared. 
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THIAZOLIDINE-4-CARBOXYLIC  ACID  AND  ITS  DERIVATIVES 


VII.  STUDY  OF  THE  PRODUCTS  OF  CONDENSATION  OF  a  -  AMINO-8  -MERCAPTOACIDS 
WITH  4-CHLOROMETHYLENE-2-PHENYL-5-OXAZCHLONE  AND  ITS  DERIVATIVES 

N.  T.  Strukov 


4-ChIoromethylene-2-phenyl-5-oxazoIone  has  scarely  been  studied  althoi^h  its  transformations  are  of 
great  interest.  It  has  been  prepared  by  heatii^  4-hydroxymethylene-2-phenyl-5-oxazoIone  with  thionyl  chloride 
[1]  as  well  as  with  phosphorus  pentachloride.  O.  V.  Kildisheva,  L.  P.  Rasteikene  and  I.  L.  Knunyants  found  a  new 
method  of  preparation  of  derivatives  of  this  series  whi6h  consisted  in  heating  a ,  8 -dihalo- a  -acylaminopropionic 
acids  widi  acetic  anhydride.  This  method  was  applied  to  die  preparation  of  4-chloto-mediylene-  and  4-bromo- 
mediylene-2-benzyl-5-oxazolones  [2]. 

Our  objective  was  to  study  the  transformations  of  4-chloromediy]ene-2-phenyl-5-oxazolone  (I),  and  we 
found  diat  in  some  cases  die  azlactone  ring  enters  into  reaction  with  much  greater  facility  than  die  chlorine 
atom  or  the  chloromethylene  group.  Under  the  action  of  an  aqueous  alcoholic  solution  of  ammonia,  the  azlac¬ 
tone  is  converted  into  the  amide  of  a -benzoylamino-8 -chloro-acrylic  acid.  AIN  solution  of  sodium  hydroxide 
splits  die  azlactone  ring  widi  formation  of  the  sodium  salt  of  a  -benzoylamino-8 -chloroacry lie  acid.  Prolonged 
treatment  of  a  -benzoylamino-S-chloroacrylic  acid  (II)  with  1  N  sodium  hydroxide  leads  to  benzamide  and  a  - 
dibenzoylamiho-8-chloropropionic  acid  (III).  This  reaction  can  be  attributed  to  a  tautomeric  transformation  of 
a -benzoylamino-8 -chloroacrylic  acid  followed  by  hydrolysis  to  chlorc^yroracemic  acid  and  benzamide.  Benz¬ 
amide  then  enters  into  reaction  widi  still  unchanged  a -benzoylamino-8 -chloroacrylic  acid  and  evidently  forms 
a  ,  a-dibenzoylamino-8-chlorq)ropionic  acid  (scheme  1). 

Scheme  1 


^  |CICH,COCOOHI 
CeHsCONH*. 


This  reaction  has  much  in  common  widi  the  condensation  of  pyroracemic  acid  with  two  molecules  of  acet¬ 
amide,  when  bodi  acetylamino  groups  are  in  die  a -position  [3, 4]. 

To  what  extent  the  chlorine  atom  in  die  8  -position  can  change  die  order  of  addition  of  acid  amides  to  the 
double  bond  has  not  been  accurately  established. 


C1CH=C— CICH=CNHC0C6H6 

1  X  I 

CO  CCeHs  — ►  COOH 


CICHj-CfNHCOCeHs),  CICHr-C=NCOC8H5  — 

ioOH  COOH 

nni 


Oxidation  of  a -benzoylamino-d-chloroacrylic  acid  widi  0.1  N  potassium  permanganate  solution  at  room 
temperature  in  presence  of  sodium  bicarbonate  yielded  oxalic  acid  in  the  form  of  the  Insoluble  calcium  salt 
and  benzamide. 

The  difference  in  reactivity  of  die  azlactone  ring  and  the  diloromethylene  group  in  4-choromethylene-2- 
phenyl-5-oxazolone  was  of  interest  in  connection  with  dieir  subsequent  utilization  in  reaction  with  the  amino 
and  mercapto  groups  of  penicillamine. 

Dimethylacrylic  acid  and  some  of  its  derivatives  ate  known  to  add  on  hydrogen  sulfide  [5],  mercaptans 
[6]  and  thioacids  [7]  at  the  double  bond.  Acrylic  and  a -acetylaminoacrylic  acids  react  with  cysteine  [8].  Ad¬ 
dition  goes  in  such  a  manner  that  the  hydrogen  of  the  mercapto  group  enters  the  a  -  and  the  remainder  of  the 
molecule  the  3 -position. 

a  -Benzoylamino-6-chloroacrylamide  was  condensed  widi  cysteine  in  presence  of  1  N  sodium  hydroxide 
solution  Vith  die  objective  of  establishing  the  ability  of  die  double  bond  to  add  on  mercapto  compounds.  After 
disappearance  of  die  reaction  for  die  mercapto  group,  the  a -amide  of  desdimethylphenyl-  penicilloic  acid  (IV), 
previously  described  by  us  [9],  was  isolated.  The  mechanism  of  the  reaction  is  not  quite  clear;  it  is  uncertain 
whether  the  mercapto  group  adds  on  at  the  double  bond,  hydrogen  chloride  splits  off  and  the  ring  closes,  or 
whedier  die  addition  of  the  mercapto  group  is  followed  by  immediate  reaction  of  a  chlorine  atom  with  a  hydrogen 
of  the  amino  group. 


CHa-SH 

(^H-NHa 

I 

COOH 


CICH=CNHC0C6H5 

I 

CONHa 


- ► 


CHa-S - CH-CHNHCOCaHg 


I 

CH-NHa  Cl 
COOH 


CHa-S 

1  >CH-CHNHCOCeH5 
CH-NH  I 
I  CONHa 

COOH 

(IV) 


:ONH, 


CHa-S-CH=C-NHCOC6H6 

I  I 

CH-NHa  CONHa 

COOH 


It  may  be  suggested  that  the  chlorine  in  a-benzoylamino-3-chloroacryIamide  at  once  exchanges  with  die 
cysteine  group,  but  in  diat  event  it  should  possess  fairly  hi^  mobility  and  be  easily  replaced  by  the  hydroxy  and 
amino  group.  Much  more  probable  is  die  addition  of  die  mercapto  group  to  die  double  bond  which  also  leads  to 
activation  of  the  chlorine  and  its  cleavage  in  die  form  of  hydrogen  chloride. 

This  reaction  prompted  us  to  effect  die  syndiesis  of  l-diia-3-benzoyl-amino-4-keto-5-aza-7,  7-dimediyl- 
2-cycloheptene-6-carboxylic  acid,  which  is  of  great  interest  for  die  preparation  of  compounds  containing  die 
thiazolldine- 3 -lactam  system. 

Previous  work  has  been  undertaken  on  the  synthesis  of  compounds  with  a  bicyclic  thiazolidine- 3 -lactam 
system  frcmi  acCtab  of  some  N-(penaldyl)-penicillamines.  Attempts  were  made,  in  particular,  to  syndiesize 
penicillins  from  acetals  of  N-(benzyl^enaldyl)-penicillamine  [10]  and  N-(amylpenaldyl)-penicillamine  [11]. 

The  methyl  ester  of  N-medioxymethylene-phenaceturyl  penicillamine  is  described  in  a  monograph  on 
penicillin  [10].  When  this  ester  was  heated  in  ethereal  solution  it  was  transformed  into  a  compound  of  unclarified 
stracture.  Possible  stmctures  proposed  are  those  of  methyl  esters  of  l-diia-2-methoxy-3-phenacetylamino-4-keto- 
5-aza-7,  7-dimediylcycloheptane-6-carboxylic  acid  and  of  l-dila-2-methoxy-methyl-2-phenacetylamfno-3- 
keto-4-aza-6,  6-dimethylcyclohexane-5-carboxylic  acid. 

A  paper  was  recently  published  by  I.  L.  Knunyants,  O.  V.  Kildisheva  and  M.  G.  Linkova  who  showed  that 
N-acrylyl-penicillamines  in  presence  of  caustic  alkali  add  on  the  mercapto  group  intramolecularly  to  die 
CH-bond  to  form  l-thia-4-keto-5-aza-7,‘ 7-dimediyi-cycloheptane-6-carboxylic  acid  [12].  The  same  audios 
diowed  diat  under  die  action  of  caustic  alkali  the  mediyl  ester  of  N-3-(chloroacrylyl)-penicillamine  forms  die 
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methyl  ester  of  l-tiiIa-4-keto-5-aza-7,  7-dlmethyl-2-cycloheptene-6-carboxylic  acid  [12], 

Evidently  also  in  the  event  of  closure  of  die  seven- membered  ring  die  same  law  of  addition  of  die  mercapto 
group  to  die  ClCH=C-bond  holds  good,  die  chlorine  being  split  off  in  die  form  of  hydrogen  chloride. 

Finally,  O.  Sus  has  attempted  to  synthesize  benzylpenicillin  from  N-phenaceturylpcnicillamine  and  ediyl 
ordioformate.  The  audior  succeeded  in  obtaining  a  compound,  in  impure  form  for  which  he  proposed  die  for¬ 
mula  of  1  diia-3-phenacetylamlno-4-keto-5-aza-7,  7-dimediyl-2-cycloheptene-6-carboxylic  acid  [13],  The 
structure  of  the  compound  was  not  verified. 

We  started  our  own  investigations  by  preparing  simpler  model  substances  with  an  unsaturated  seven-mem- 
bered  ring,  widi  the  objective  of  first  studying  its  chemical  properties  before  undertaking  the  synthesis  and  study 
of  more  complex  and  less  accessible  compounds  of  diis  series.  4-Chloromethylene-2-phenyl-5-oxazolone  was 
most  suitable  for  this  purpose,  since  unlike  4-ethoxymediylene-  and  4-aminomethylene-2-phenyl-5-oxazolones 
the  chlorine  atom  in  4-chloromethylene-2-phenyl-5-oxaz61one  exerted  a  marked  influence  on  the  reduction  of 
stability  of  die  azlactone  ring.  This  circumstance  enabled  the  realization  of  the  syndiesis  of  a  peptide  bond  that 
did  not  appreciably  affect  the  function  of  the  chlorine  or  of  the  chloromethylene  group.  On  the  other  hand,  from 
an  experiment  on  condensation  of  cysteine  with  a-benzoylamino-3-chloroacrylamide  we  were  aware  of  die  be¬ 
havior  of  the  mercapto  group  towards  the  C1CH=C-  bond.  For  diis  reason  we  considered  that  the  synthesis  of  1- 
thia-3-benzoylamino-4-keto-5-aza-7,  7-dimethyl-2-cycl<dieptene-6-carboxylic  acid  was  feasible. 

Condensation  of  4-chloromethylene-2-phenyl-5-oxazolone  with  penicillamine  was  canied  out  in  presence 
of  sodium  hydroxide,  as  was  done  in  the  synthesis  of  peptides  from  amino  acids  and  azlactones  [14„  15],  Two 
substances  were  obtained:  one  of  diem  was  free  from  amino  and  mercapto  groups  and  chlorine,  was  not  oxidized 
by  iodine  solution,  did  not  dissolve  in  dilute  mineral  acids,  and  corresponded  in  elementary  composition  to  1- 
diia-3-benzoylamino-4-keto-5-aza-7,  7-dimethyl-2-cycloheptene-6-caiboxylic  acid  (VI);  die  other  was  already 
soluble  in  acids  and  rapidly  oxidized  by  iodine  solution:  this  was  die  a -penicillamide  of  phenylpenicilloic  acid 
(VII). 

Formation  of  diese  compounds  can  be  formulated  fairly  easily.  In  die  condensation  of  the  sodium  salt  of 
penicillamine  with  4-chloromethylene-2-phenyl-5-oxazolone,  an  intermediate  product  is  the  sodium  salt  of 
N-(a-benzoylamino-3-chloroacrylyl)-penicillamine  (V)  which  can  react  in  two  directions:  intramolecularly 
with  closure  of  the  seven- membered  ring  (VI),  and  with  a  second  molecule  of  sodium  salt  of  penicillamine  to 
form  compound  (VII)  (scheme  2). 
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These  two  substances  were  separated  both  by  heating  with  a  large  volume  of  hot  water,  in  which  l*thia- 
3-benzoylamino-4-keto-5-aza-7,  7-dimethyl*2-cycloheptene-6-carboxylic  acid  is  nearly  insoluble,  and  with 
die  help  of  dilute  hydrochloric  acid  with  which  the  a -penicillamide  of  phenylpenicilloic  acid  gives  a  readily 
soluble  salt.  The  second  method,  however,  is  preferable  because  it  enables  the  separation  to  be  effected  in  the 
liquid  phase. 

The  main  proDf  of  the  structure  of  l-thia-3-benzoylamino-4-keto-5-a25a-7,  7-dimethyl-2-cycloheptene- 
6-carboxylic  acid  is  provided  by  its  cleavage  at  die  peptide  bond  when  heated  with  formic  acid  saturated  with 
hydrogen  chloride.  This  reaction  led  to  the  hydrochloride  of  phenylpenicilloic  acid  (Vni),  which  is  described  in 
the  literature  [16].  The  process  is  accompanied  by  release  of  carbon  dioxide.  If  the  condensation  of  pencillamlne 
with  4-chloromediylene'2Tphenyl-  5-oxazolone  had  led  not  to  l-thia-3-benzoylamino-4-keto-5-aza-7,  7-di- 
mediyl-2-cycloheptene-6-carboxylic  acid  (VI)  but  to  l*thia-2-chloromethyl-2-benzoylamino-3-keto-4-aza-6, 
6-dimediyl-cyclohexane-5-carboxylic  acid  (IX), 
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as  the  result  of  a  different  order  of  addition  of  the  mercapto  group  to  the  double  bond,  then  its  cleavage  at  the 
ring  amido  group  could  not  have  led  to  formation  of  the  hydrochloride  of  phenylpenicilloic  acid. 

Careful  cleavage  of  compound  (VI)  with  concentrated  hydrochloric  acid  at  room  temperature  and  subsequent 
azlactonization  of  die  dry  substance  with  acetic  anhydride  gave  a  small  amount  of  the  previously  known  4-ace- 
totfiio-methylene-2-phenyl-5-oxazolone  (X)  [17]. 
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Caiefiil  oxidation  of  l-thia-3-benzoylamino-4-keto-5-aza-7,  7-dimethyl-2-cycloheptene-6-carboxylic 
acid  with  0.1 14  potassium  permanganate  solution  at  room  termperature  in  presence  of  sodium  bicarbonate  gave 
benzamide,  while  subsequent  acid  cleavage  of  the  amide  bond  gave  oxalic  acid  which  was  isolated  in  the  form 
of  the  calcium  salt.  These  properties  are  in  harmony  with  the  structure  of  l-diia-3-benzoylamino~4>keto-5-aza 
7,  7-dimethyl- 2-cycloheptene-6-carboxylic  acid,  since  oxidation  in  the  first  instance  must  involve  S-CH=C 
grouping.  Oxidation  at  once  gives  benzamide,  but  the  oxalic  acid  still  remains  linked  widi  the  amino  group  and 
is  only  split  off  on  heating  with  hydrochloric  acid. 
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X  —  oxidlzable  S-CHOH  group. 


Ammonia  is  released  and  benzoic  acid  formed  when  l-tliia-3-benzoylamino-4-keto-5-aza-7,  7-dimethyl- 
2-cycloheptene-6-carboxylic  acid  is  heated  with  a  1  N  solution  of  sodium  hydroxide,  while  heating  with  alco¬ 
holic  hydrochloric  acid  leads  to  the  ethyl  ester  of  benzoic  acid  (characteristic  odor).  These  reactiotu  can  be 
accounted  for  by  the  instability  of  the  b6nd  between  the  benzoylamino  group  and  the  carbon  with  die  double 
bond. 

No  changes  at  all  took  place  in  the  substance  on  benzoylation  of  the  acid  widi  benzoyl  chloride  in  pyridine; 
this  furnished  further  confirmation  of  the  absence  from  the  compound  of  imino,  mercapto  and  hydroxy  groups. 

We  have  previously  confirmed  the  structure  of  the  a -penicillamide  of  phenylpenicilloic  acid  [18]. 

Attempts  have  previously  been  made  to  prepare  phenylpenicillin  by  heating  iAen)4penicilloic  acid;  by 
this  method  a  preparation  with  very  poor  antibiotic  activity  was  obtained  [19],  It  seemed  to  us  that  this  problem 
might  be  solved  by  starting  from  l-thia-3-benzoylamlno-4-keto-5-aza-7,  7-dimethyl-2-cycloheptene-6-car- 
boxylic  acid  and  heating  it  in  an  inert  solvent  in  order  to  induce  the  hydrogen  of  the  ring  amino  bond  to  migrate 
to  the  double  carbon-carbon  bond  and  thereby  create  a  thiazolidine-t) -lactam  system.  The  experimental  con¬ 
ditions  and  the  absence  of  agressive  substances  should  favor  the  continued  existence  of  the  6 -lactam  ring  of 
phenylpenicillin  if  one  had  been  formed.  We  failed  .however,  to  convert  l-thia-3-benzoylamino-4-keto-5-aza 
-7,  7-dimethyl-2-cycloheptene-6-carboxylic  acid  into  phenylpenicillin  by  heating  the  free  acid  or  its  sodium 
salt  in  anhydrous  pyridine  at  90-95*.  The  acid  was  recovered  nearly  unchanged. 

EXPERIMENTAL 

4-Chloromethylene-2-phenyl-5-oxazolone  (I).  17  g  4-hydroxymethylene-2-phenyl-5-oxazolone,  50  ml 
anhydrous  dichloroethane  and  20  g  phosphorus  pentachloride  were  heated  at  45-50*;  the  azlactone  rapidly  went 
into  solution  with  considerable  evolution  of  hydrogen  chloride.  After  5  minutes,  the  reaction  mass  was  trans¬ 
ferred  to  a  refrigerator  and  on  the  following  day  the  precipitate  of  4-chloromethylene-2-phenyl-5-oxazolone 
was  filtered  off,  washed  with  a  little  cold  dichloroethane  and  dried.  After  removal  of  the  dichloroethane  and 
phosphorus  oxychloride  from  the  mother  liquor  in  vacuum ,  the  residue  was  recrystallized  from  a  small  amount 
of  dichloroethane;  in  this  way  a  further  small  quantity  of  azlactone  was  obtained.  The  whole  of  the  azlactone 
was  recrystallized  from  a  small  amount  of  dichloroethane  containing  carbon.  After  cooling,  the  solid  was  fil¬ 
tered,  washed  witii  dichloroethane  and  dried.  Yield  9  g  with  m.p.  126-12T.  Readily  soluble  in  ether, methyl 
alcohol,  acetone,  ethyl  acetate,  chloroform,  dioxane  and  benzene;  very  poorly  soluble  in  cold  and  more  soluble 
in  warm  ligroin  .  Gives  an  orange-yellow  color  in  pyridine. 

a  -Benzoylamino- 8  -chloroacrylamide.  0.5  g  4-chloromethylene-2-phenyl-5-oxazolone  was  treated  in  3 
ml  methanol  with  2  ml  of  20'7o  ammonia  solution.  The  azlactone  rapidly  went  into  solution.  After  3  hours  die 
reaction  mass  was  evaporated  to  dryness  on  a  water  bath  in  vacuum .  The  residue  was  dissolved  in  a  little  warm 
dichloroethane.  On  cooling,  pale-yellow  crystals  came  down  and  after  recrystallization  from  water  they  melted 
at  162-164*.  Pale-yellow,  stout  needles.  Readily  soluble  in  methanol,  acetone  and  ethyl  acetate,  very  poorly 
soluble  in  ether,  chloroform  and  benzene,  insoluble  in  gasoline. 

Found  N  12.02,  11.86;  Cl  15.69.  CioHgaNaCl.  Calculated  N  12.47;  Cl  15.81. 

g -Benzoylamino- 6 -chloroacrylic  acid  (II).  0,5  g  4-chloromethylene-2-phenyl-5-oxazolone  was  shaken 
with  5  ml  of  1  N  solution  of  sodium  hydroxide  for  15  minutes.  Unreacted  azlactone  was  filtered  off.  The  fil¬ 
trate  was  acidified  with  concentrated  hydrochloric  acid  and  a  -benzoylamino-d -chloroacryiic  acid  was  precipi¬ 
tated,  This  was  purified  by  reprecipitation  from  solution  of  the  sodium  salt  and  dried  in  a  desiccator. 


(I -Benzoylamtno-fl-chloroacryllc  acid  forms  white  crystals,  poorly  soluble  in  water.  M.p.  167-158*.  Readily 
soluble  in  methyl  alcohol,  acetone,  ethyl  acetate  and  dioxane,  poorly  soluble  in  ether  and  chloroform,  insoluble 
in  benzene  and  gasoline. 

Found  <5;):  Cl  15.88.  CioH,O^NCl.  Calculated  Cl  15.74. 

0.5  g  a -benzoylamino-6 -chloroacrylic  acid  was  dissolved  in  7  ml  of  1  N  sodium  hydroxide  solution  and 
stood  for  48  houts.  A  small  quantity  of  colorless  prisms  came  down.  M.p.  128-129*.  No  depression  of  melting 
point  in  admixture  with  benzamide. 

Found  N  11.53,  11.63.  C7H7ON.  Calculated  N  11.57. 

After  separation  of  the  benzamide,  the  filtrate  was  acidified  with  concentrated  hydrochloric  acid  but  no 
precipitate  was  formed.  Slow  evaporation  of  the  water  resulted  in  separation  of  small  yellowish  needles  and 
druses  off  the  same  needles  which  were  filtered  off  and  washed  with  a  small  amount  of  water  cooled  to  0*.  Very 
easily  soluble  in  water,  contain  chlorine.  M.p.  136-137*  (with  decomp.). 

Found  Cl  9.98.  C,7Hi504N2Cl.  Calculated  <^oi  Cl  10.24. 

Judging  by  the  analysis,  the  substance  is  the  product  of  addition  of  benzamide  to  a -benzoy lam ino-d -chlo¬ 
roacrylic  acid  (II). 

a  -Benzoylamino-6 -chloroacrylic  acid  was  oxidi2sed  by  dissolving  1  g  in  10  ml  water  with  addition  of  a 
5'^  solution  of  sodium  bicarbonate  and  gradually  pouring  in  0.1  N  potassium  permanganate  until  in  a  5-minute 
test  a  pink  coloration  round  the  brown  stain  persisted  when  a  sample  was  placed  on  filter  paper.  After  15  min¬ 
utes,  the  excess  of  potassium  permanganate  was  decomposed  by  addition  of  a  few  drops  of  30^o  hydrogen  peroxide, 
and  die  solution  was  filtered  from  manganese  dioxide.  The  weakly  alkaline  filtrate  was  evaporated  to  a  volume 
of  3  ml  in  vacuum,  and  the  crystals  were  filtered  off  and  washed  with  water.  M.p,  129-130*.  The  substance 
does  not  exhibit  a  depression  of  melting  point  in  admixture  with  benzamide.  Residues  of  benzamide  were  iso¬ 
lated  from  die  solution  by  edier  extraction.  After  removal  of  the  ether,  the  crystals  were  identified  as  benzamide. 

After  extraction  of  the  benzamide,  the  aqueous  solution  was  diluted  with  10  ml  water,  acidified  with  a 
few  drops  of  acetic  acid,  heated  to  the  boil  and  treated  with  1  g  of  calcium  chloride  in  5  ml  water.  White  crys¬ 
tals  came  doWn  at  once.  After  boiling  for  15  minutes,  the  hot  solution  was  filtered  and  the  precipitate  (0.1727  g) 
washed  with  boiling  water  and  dried  at  SO*. 

Found  CaO  39.54.  CaC204*H2o.  Calculated‘S:  CaO  38.4. 

In  a  second  oxidation  of  1  g  a -benzoylamino-6 -chloroacrylic  acid,  0.39  g  benzamide  and  0.54  g  calcium 
oxalate  were  obtained. 

Condensation  of  L-cystelne  hydrochloride  with  g -benzoylamino-6 -chloro-acrylamide.  0.14  g  L-cysteine 
hydrochloride  and  0.2  g  a -benzoylamino-6 -chloro-acrylamide  were  dissolved  in  4  ml  1  N  sodium  hydroxide 
solution  and  stood  for  48  hours.  The  mass  gave  an  alkaline  reaction  and  had  a  yellow  color.  The  nitropmsside 
reaction  for  the  free  mercapto  group  of  cysteine  was  nearly  negative.  Acidification  d  the  solution  with  hydro¬ 
chloric  acid  brought  down  a  precipitate  which  nearly  completely  dissolved  in  excess  of  the  acid.  The  residual 
tar  was  separated  and  die  solution  treated  with  active  carbon  at  room  temperature.  The  color  changed  to  pale- 
pink.  The  excess  of  hydrochloric  acid  was  eliminated  by  careful  addition  of  10‘S  sodium  hydroxide  solution  un¬ 
til  barely  acid  to  Congo.  White,  spherical  crystals  (druses)  began  to  come  down  gradually.  M.p.  186-18T.  The 
substance  does  not  show  a  depression  of  melting  point  in  admixture  with  the  a -amide  of  desdimethylphenyl-pen- 
icilloic  acid  prepared  from  L-cysteine  hydrochloride  and  the  diediylacetal  of  formy&iippuramide. 

Condensation  of  D,  L-penicillamine  with  4-chloromethylene-2-phenyl-5‘Oxazolone.  3  g  D,  L-penicil- 
lamine  hydrobromide  was  dissolved  in  26  ml  1  N  sodium  hydroxide  solution,  2.6  g  4-chloromethylene-2-phenyl- 
5-oxazolone  was  added,  and  the  whole  was  stirred  for  1  hour.  The  alkaline  reaction  to  phenolphthalein  disap¬ 
peared.  After  an  interval  of  half  an  hour,  addition  was  made  of  5  lots  of  3  ml  each  of  IN  sodium  hydroxideso- 
lution.  Two  houts  after  die  addition  of  die  alkali  solution,  the  reaction  remained  weakly  alkaline.  The  very 
small  precipitate  was  filtered  off  and  washed  with  5  ml  of  1  N  sodium  hydroxide  solution.  The  filtrate  was  acidi¬ 
fied  with  hydrochloric  acid  until  weakly  acid  to  Congo*,  die  precipitate  was  filtered,  washed  with  water  and  dis¬ 
solved  in  250  ml  ethyl  acetate.  The  solution  was  washed  with  3  lots  of  40  ml  each  of  5  N  hydrochloric  acid  so¬ 
lution  and  100  ml  water. 
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From  the  ethyl  acetate  solution,  washed  with  hydrochloric  acid  and  water,  the  substance  was  extracted  with 
5"/o  sodium  bicarbonate  solution.  The  aqueous  solution  was  concentrated  in  vacuum  to  50  ml  and  acidified  with 
hydrochloric  acid  until  weakly  acid  to  Congo.  The  precipitate  was  filtered  off,  washed  with  hot  water  and  re¬ 
crystallized  three  times  from  3(Xyo  alcohol.  Very  fine,  pale-yellow  polyliedra  of  l-thia-3-benzoylamino-4-keto- 
5-aza-7,  7-dimethyl-2-cycloheptene-6-carboxylic  acid  were  obtained.  M.p.  175-177*  (with  decomp.).  Yield 
1.65  g  (43.2'yo). 

The  compound  is  nearly  insoluble  in  water,  dilute  mineral  acids,  ether  and  benzene;  it  does  not  give  re¬ 
actions  for  chlorine  or  mercapto  or  aldehyde  groups.  It  titrates  like  a  monobasic  acid. 

Found  70:  C  55.92,  55.99;  H  5.05,  5.00;  N  8.64;  S  10.02.  Cj5Hi504NjS.  Calculated  7o:  C  56.25;  H  5.03; 

N  8.75;  S  9.99. 

The  acidic  solution,  after  separation  of  the  solid,  and  the  wash  liquor  were  combined  and  neutralized  with 
sodium  bicarbonate  until  weakly  acidic  td  Congo.  The  substance  was  extracted  from  the  aqueous  solution  3  times 
with  50  ml  portions  of  ethyl  acetate,  and  it  was  again  extracted  from  this  solvent  with  570  sodium  bicarbonate 
solution.  After  blowing  air  through  the  solution  and  acidifying  it  with  hydrochloric  acid  until  weakly  acidic  to 
Congo,  0.42  g  of  a  crystalline  precipitate  came  down.  This  was  purified  by  reprecipitation  from  20  ml  of  1  N 
hydrochloric  acid  and  dried  in  a  vacuum-desiccator.  Colorless  crystals  with  m.p.  180-182*  (with  decomp.). 

The  a  -penicillamide  of  phenylpenicilloic  acid  is  poorly  soluble  in  water  and  gradually  comes  out  in  the 
form  of  prisms  when  the  solution  is  evaporated  on  a  water  bath  in  vacuum  at  4(f,  Soluble  in  alcohol,  acetone, 
ethyl  acetate,  and  dilute  mineral  acids,  insoluble  in  ether.  It  is  oxidized  by  iodine  solution.  It  slowly  reduces 
silver  and  corresponds  to  the  a -penicillamide  of  phenylpenicilloic  acid  (VII). 

Found  C  50.62;  H  5.38;  N  8.57.  QoHzTOeNaSj.  Calculated  ”/o:  C  51.17;  H  5.75;  N  8.95. 

Proof  of  the  stmeture  of  l-thia-3-benzoylamino-4-keto-5-aza-7 ,  7-dimediyl-2-cycloheptene-6- carboxylic 
acid,  a)  1  g  acid  was  dissolved  in  15  ml  85%  formic  acid,  saturated  with  hydrogen  chloride,  and  refluxed  for 
2^^ours.  The  formic  acid  was  distilled  off  in  vacuum.  The  residue  was  treated  with  10  ml  acetone  and  left 
in  a  refrigerator.  The  precipitate  (0.25  g)  was  filtered  off,  washed  with  acetone,  and  recrystallized  by  dissolving 
in  a  small  amount  of  water  with  carbon  and  evaporating  down  to  a  volume  of  2  ml.  Colorless  prisms  with  m.p. 
215-216*  (decomp.)  of  the  hydrochloride  of  phenylpenicilloic  acid  (VIII). 

Found  %:  C  50.81;  H  5.82;  N  8.54,  8.57.  Ci4Hi90^N2SCl.  Calculated  %:  C  50.84;  H  5.79;  N  8.46. 

It  was  found  to  be  identical  with  the  substance  obtained  from  penicillamine  hydrochloride  and  formylhip- 
puric  acid  diethylacetal  described  in  the  literature  [16]. 

b)  1  g  of  the  acid  was  stirred  in  10  ml  hydrochloric  acid  at  room  temperature  for  3  days.  Dilution  of  die 
solution  with  50  ml  water  brought  down  a  small  amount  of  the  original  substance  (0.53  g)  which  was  filtered  off, 
and  the  solution  was  dried  in  a  vacuum -desiccator  over  caustic  alkali  and  sulfuric  acid.  This  substance  was  dis¬ 
solved  in  4  ml  acetic  anhydride  and  0.5  ml  anhydrous  pyridine,  heated  10  minutes  on  a  boiling  water  bath  and 
left  in  a  refrigerator.  The  yellow,  crystalline  precipitate  (0.015  g)  was  filtered  off,  washed  with  acetic  anhydride 
and  dried  in  a  vacuum-desiccator.  M.p.  174-175*  after  recrystallization  from  toluene.  The  melting  point  was 
not  lowered  after  admixture  with  4-acetothiomethylene-2-phenyl-5-oxazolone. 

c)  1  g  of  the  substance  was  dissolved  in  10  ml  water  in  presence  of  1  g  sodium  bicarbonate  and  oxidized 
with  a  1  N  solution  of  potassium  permanganate  as  described  for  the  oxidation  of  a -benzoylamino-0-chloroacrylic 
acid.  The  solution  was  filtered  from  the  precipitate  of  manganese  dioxide  and  the  latter  was  washed  several 
times  with  water.  The  filtrate  was  evaporated  nearly  to  dryness  in  vacuum  and  the  crystals  of  benzamide  were 
filtered  off.  M.p.  128-129*.  Another  0.05  g  benzamide  was  recovered  from  die  mother  liquor  by  extraction 
with  ether. 

The  aqueous  solution,  after  extraction  of  the  acetamide,  was  acidified  with  hydrochloric  acid  and  the  re¬ 
sultant  very  small  precipitate  was  filtered.  Oxalic  acid  was  found  in  the  filtrate  and  isolated  as  calcium  salt  in 
die  usual  manner. 

Found  %;  CaO  39.40.  CaC204»H20.  Calculated  %;  CaO  38.30. 
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d)  Ammonia  was  liberated  on  heating  1  g  of  l-thia-3-benzoylamino-4-keto-5-a2a-7,  7*dimetfiyl-2- 
cycloheptene- 6 -carboxylic  acid  with  12.5  ml  of  1  N  solution  of  sodium  hydroxide.  After  8  houis,  the  solution 
was  cooled,  acidified  widi  hydrochloric  acid  and  treated  with  ether.  Removal  of  the  ether  left  0.32  g  colorless 
crystak  with  m.p.  120-122*,  corresponding  to  benzoic  acid. 

e)  0.5  g  l-tiiia-3-benzoylamlno-4-keto-5-aza-7,  7-dimediyl-2-cycloheptene-6-carboxyllc  acid  was 
dissolved  in  5  ml  anhydrous  pyridine  and  0.25  ml  benzoyl  chloride  was  added.  After  a  few  hours,  the  pyridine 
was  driven  off  in  vacuum,  the  residue  was  dissolved  in  57°  sodium  bicarbonate  solution,  and  the  traces  of  pyridine 
together  with  water  were  removed  in  vacuum.  The  dry  residue  was  dissolved  in  10  ml  water  and  acidified  with 
hydrochloric  acid  until  weakly  acid  to  Congo.  The  precipitate  was  filtered,  washed  widi  water,  dried,  and  washed 
widi  ether.  Weight  0.47  g.  After  recrystallization  from  alcohol  it  had  m.p.  174-176^  (decomp.).  It  was 
identical  with  the  compound  taken  into  reaction.  Benzoic  acid  was  found  in  the  ediereal  solution. 

f) n  heating  0.2  g  l-thia-3-benzoylamino-4-keto-5-aza-7,  7-dimethyl-2-cycloheptene-6-carboxyllc  acid 
witli  3  ml  alcohol  and  0.5  ml  concentrated  acid,  the  characteristic  odor  of  ediyl  benzoate  was  at  once  developed. 

SUMMARY 

1.  The  reaction  of  4-chloromethylene-2-phenyl-5-oxazolone  with  sodium  hydroxide  solution,  ammonia 
and  cysteine  was  studied. 

2.  Condensation  of  the  azlactone  with  penicillamine  under  caustic  alkaline  conditions  gave  l-tfaia-3- 
benzoylamino-4-keto-5-aza-7,  7-dimethyl-2-cycloheptene-6-carboxylic  acid  and  the  a~penicillamide  of 
phenylpenicilloic  acid. 
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THE  PROBLEM  OF  THE  MECHANISM  OF  THE  ARBUZOV  REARRANGEMENT 
IV.  REACTION  OF  a  ,  6-DIBROMOETHYL  ALKYL  ETHERS  WITH  TRIISOPROPYL  PHOSPHITE 

V,  S.  Ab,ramov  and  A,  I.  Bolshakova 


It  was  previously  reported  [1]  that  the  Arbuzov  rearrangement  of  aliphatic  phosphite  prepared  from  pri¬ 
mary  alcohols  and  a  ,  B  -dibromoethyl  alkyl  ethers  and  other  active  halogenated  derivatives  proceeds  in  two 
separate  and  Independent  steps.  It  was  interesting  to  study  the  behavior  of  phosphites  obtained  from  secondary 
aliphatic  alcohols  in  analogous  Arbuzov  rearrangements.  The  results  obtained  were  especially  interesting  in 
connection  with  the  fact  that  the  ionic  mechanism  of  the  Arbuzov  rearrangement  proposed  by  Gerrard  and  Green 
[2]  and  accepted  by  Pudovik  [3]  assumes  that  the  product  of  reaction  of  a  halogenated  derivative  with  a  phosphite 
is  the  [(RO)^PR*]^  ion  which  breaks  down  by  a  monomolecular  mechanism  in  a  second  step.  This  assumption  was 
not  confirmed  in  any  of  the  experiments. 

The  substance  chosen  for  investigation  was  triisopropyl  phosphite,  and  we  reacted  this  with  a  ,  0 -dibromo¬ 
ethyl  methyl,  a  ,  0-dibromodiethyl  and  a  ,  B -dibromoethyl  butyl  ethers  and  with  methyl  a-0-dlbromopropionate. 
The  reactions  were  performed,  as  previously  described,  at  room  temperature.  The  progress  of  the  reactioiu  was 
followed  from  the  change  In  physical  properties:  refractive  index,  specific  gravity  and  surface  tension.  The 
surface  tension  was  determined  by  Reblnder's  technique  [4],  based  on  observation  of  the  maximum  pressure  of 
bubbles.  The  determination  was  performed  in  a  nitrogen  atmosphere  with  two  tips  in  parallel. 

The  end  of  the  reaction  was  assumed  to  be  the  instant  at  which  the  above-mentioned  properties  of  the  re¬ 
action  mixture  underwent  no  furdier  change.  This  stage  was  reached  in  3  to  5  days.  Results  obtained  are  pre¬ 
sented  in  Table  1,  which  first  gives  the  values  determined  immediately  after  mixing  while  cooling  and  then 
gives  the  final  values. 


TABLE  r 

Changes  of  Physical  Properties  With  Time  of  Reaction  Mixtures  of  Iso- 
(CaHTOlsP+CHzBrCHBrOR 


R 

Immediately  after  mixing 

Values  established 

30 

o’O 

30 

o“ 

OCH,  .... 

1.4456 

1.2334 

23.97 

1.4424 

1.2622 

26.53 

OCaHs  .... 

1.4463 

1.2265 

24.10 

1.4426 

1.2498 

26.93 

ocM  .... 

1.4458 

1.1802 

25.48 

1.4430 

1.2017 

26.47 

C00^H3  •  .  « 

1.4466 

1.2303 

24.83 

1.4292 

1.2417 

26.27 

Mixing  of  trlisc^ropyl  phosphite  with  a  ,  B -dibromethyl  alkyl  ethers  and  with  the  methyl  ester  of  a  ,  B- 
dibromopropionic  acid  is  accompanied  by  appreciable,  release  of  heat.  Thus,  for  example,  on  mixing  triisopropyl 
phosphite  with  a  S  -dibromoethyl  methyl  ether  (cooled  to  —10"),  the  temperature  rose  to  +  30"  lii  10  minutes; 
similarly,  the  temperature  rose  to +85®  in  15  minutes  after  mixing  with  the  methyl  ester  of  a-B-dibromqjropionic 
acid. 
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TABLE  2 

Molar  Refractions  and  Parachors  of  the  Products 
Iso-(C3H70)3P-CH-CHjBr 
R 


R 

mRd 

[PI 

found 

calculated 

found 

calculated 

OCH, .  .  . 

89.37 

87.29 

766.0 

763.4 

OC2H5  .  . 

93.25 

91.90 

802.0 

802.4 

OQHj  .  . 

103.24 

101.15 

883.4 

880.4 

COOCH3  • 

94.28 

91.96 

820.5 

808.2 

TABLE  3 

Physical  Properties  of  Isopropyl  Esters  of  a-Alkoxy-fl-Bromoediylphosphinic  Acids  Iso-(C3H70)j|’-CH-CH2Br 

O  OR 


R 

Boiling  point 

M 

"Z) 

1 

1 

a* 

MRo 

found 

calcu¬ 

lated 

CH,  .  .  .  .  . 

128-129°  (4  mm) 

1.4505 

1.2653 

30.12 

64.45 

64.05 

LjsHs . 

129—131  (4  mm) 

1.4476 

1.2295 

26.67 

69.01 

68.67 

C4H9 . 

143 — 144  (3  mm) 

1.4497 

1.1809 

21.35 

78.37 

77.90 

The  tabulated  data,  the  release  of  heat  when  the  reacting  substances  ate  mixed,  and  the  disappearance  of 
die  odor  of  die  a  ,  B-dibromoethyl  alkyl  ethers  and  of  the  specific  odor  of  the  phosphites  indicate  the  occurrence 
of  a  reaction  between  phosphite  and  halogenated  ethers,  probably  with  formation  of  an  intermediate  addition 
product.  The  products  of  this  reaction  ate  viscous,  colorless  liquids. 

On  die  basis  of  die  final  values  of  physical  properties,  we  can  calculate  the  molar  refractions  and  parachors 
on  the  assumption  of  formation  of  an  intermediate  product  of  addition.  The  observed  and  calculated  values  are 
in  satisfactory  agreement.  The  molar  refractions  found  are  higher  than  the  calculated  values  by  approximately 
die  same  amounts  as  were  observed  previously.  Results  are  presented  in  Table  2. 

The  product  of  reaction  is  probably  an  intermediate  addition  product  or  possibly  an  equilibrium  mixture 
of  a  complex  and  the  starting  products;  products  of  decomposition  are  imlikely  to  enter  into  die  composition  of 
the  equilibriuril  mixture.  The  reaction  product  undergoes  diermal  breakdown  in  accordance  with  the  second  step 
of  the  Arbuzov  rearrangement.  Decomposition  commences  at  a  bath  temperature  of  110-16(f .  In  all  cases  iso¬ 
propyl  bromide  is  split  off  in  a  yield  of  82-87%.  The  yield  of  isopropyl  bromide  In  the  breakdown  of  die  product 
of  reaction  of  mediyl  a  ,  0-dibromopropionate  with  phosphite  was  150%,  which  is  difficult  to  explain.  The  residue 
after  thermal  breakdown  gives  isopropyl  esters  of  a  -alkoxy-6  -bromoethy^ihosphinic  acids.  However,  the  methyl 
ester  of  a-isopropoxyphosphono-B-bromopropionic  acid  was  not  obtained.  Resinification  occurs  on  distillation. 

On  heating  to  120-15cr ,  a  ,B-dibromoediyl  alkyl  ethers  react  violently  with  phosphite  widi  resinification, 
and  no  definite  products  could  be  isolated.  This  confirms  die  presence  of  an  intermediate  addition  product. 

Data  for  the  isopropyl  esters  of  a-alkoxy-B-bromoethylphosphinic  acids  are  presented  in  Table  3. 
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Slight  partial  decomposition  occurs  when  the  esters  are  fractionated. 

The  experimental  material  obtained  in  tfie  study  of  the  reactions  of  a-d-dlbromoetfiyl  alkyl  ethers  with 
triisopropyl  phosphite  leads  to  the  conclusion  that  the  Arbuzov  rearrangement  goes  in  two  separate  and  independent 
steps,  in  reposition  to  the  ideas  expounded  by  A.  N.  Pudovik  [3], 

Hydrogen  bromide  was  split  off  from  the  isopropyl  esters  of  a  -alkoxy-b-bromoediylphosphinic  acids  by 
treatment  with  an  alcoholic  solution  of  potassium  hydroxide.  The  products  were  isopropyl  esters  of  a -alkoxyvinyl- 
phosphinic  acids  (Table  4).  The  product  of  reaction  of  methyl  a  ,  3-dibromopropionate  widi  isopropyl  phosphite, 
after  decomposition  at  100-110*,  was  taken  in  the  reaction  leading  to  release  of  hydrogen  brcffnide.  The  methyl 
ester  of  a  -isopropoxyphosphonoacrylic  acid  was  obtained.  The  yield  of  ester  from  the  crude  product  was  small. 
The  phosphorus  content  was  higher  than  the  theoretical,  probably  due  to  impurities.  Analysis  for  the  double  bond 
by  the  bromide-bromate  method  gave  92’/o. 


TABLE  3  (continued) 


I/*] 

Bromine  content  («*.) 

Phosphorus  content  («^) 

found 

calculated 

Yield 

(•f) 

found 

calcu¬ 

lated 

found 

calculated 

561.8 

562.9 

74.9 

26.31.  26.32 

26.40 

9.97.  10.36 

10.23 

585.9 

584.8 

75.1 

25.22.  25.20 

25.23 

9.52.  9.63 

9.78 

628.1 

628.6 

50.8 

23.34.  23.19 

23.20 

8.91.  8.93 

8.98 

TABLE  4 


Isopropyl  Esters  of  a-Alkoxyviny4)hosphinic  Acids  lso-(C3H70)jjP-C=CH2 

U 


Boiling 

point 

M 

to 

MRd 

{P\ 

Phosphorus 
content  (<f ) 

”D 

4 

found 

calc; 

found 

calc. 

(•4.) 

found 

calc. 

OCH3  . 

105—106® 
(3  mm)  ! 
11&-112 
(4  mm) 

1 

1.4375 

1.0657 

31.04 

54.9 

55.8 

491.7 

493.5 

63.4 

13.63.  13.55 

13.90 

OC2H6  . 

1.4340 

1.0219 

28.11 

60.19 

60.42 

531.9 

532.5 

76.0 

12.92.  12.87 

13.13 

OC4H9  . 

128—129 
(4  mm) 
95—97 
(11mm) 

1.4366 

0.9903 

27.25 

69.79 

69.66 

609.0 

610.5 

52.0 

11.57.  11.46 

11.74 

COOCH3 

1.4060 

1.0170 

23.71 

60.62 

60.44 

540.1 

538.1 

25.0 

13.83.  14.09 

1235 

The  prepared  esters  of  a -alkoxyvinylphosphinic  acids  were  examined  for  dieir  susceptibility  to  polymeri¬ 
zation.  Their  molecules  possibly  possess  a  polar  character  and  they  may  be  represented  by  the  formula 

(RO)iP-C=CH2 

It  was  found  that  the  esters  are  not  polymerized  in  presence  of  peroxides,  diazoaminobenzene  and  zinc 
chloride.  The  negative  results  may  be  due  to  steric  hindrance  or  to  weakening  of  the  polarity  of  the  double 
bond  by  the  alkoxy  group. 

The  experimental  work  was  carried  out  as  described  previously  [1]. 
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SUMMARY 

1.  Triisopropyl  phosphite  reacts  with  a  ,  S-dibromoethyl  alkyl  ethen  and  with  methyl  a ,  3-dibromopropi> 
onate  probably  in  two  separate  and  independent  steps  widi  formation  of  an  intermediate  addition  product  in  die 
flrst  step. 

2.  Thermal  breakdown  of  die  addition  products  leads  to  formation  Of  isopropyl  esters  of  a^alkoxy-d-bro- 
moediylphosphinic  acids  (Table  3). 

3.  Isopropyl  esters  of  a  -alkoxyvinylphosphinic  acids  (Table  4)  are  formed  which  do  not  polymerize  with 
peroxides,  diazoaminobenzene  and  zinc  chloride. 

LITERATURE  CITED 

[1]  V.  S.  Abramov  and  G.  A.  Karp,  Proc.  Acad.  Sci.  USSR,  91,  1095  (1953);  V.  S.  Abramov  and  G.  A. 
Karp,  J.  Gen.  Chem.,  24,  1823  (1954). 

[2]  W.  Gerrard,  W.  Green,  J.  Chem.  Soc.,  1951,  2550. 

[3]  A.  N.  Pudovik,  Proc.  Acad.  Sci.  USSR  84,  519  (1952). 

[4]  M.  M.  Kusakov,  Mediods  of  Determination  of  the  Physico^'Chemical  Characteristics  of  Petroleum 
Products,*  (1936),  591. 


Received  Febmary  2,  1956*' 


S.  M.  Kirov  Institute  of  Chemical  Technology,  Kazan. 


I 


*  In  Russian. 


500 


MIXED  ESTERS  OF  D I  -  T  E  RT  -  (  1 , 1 , 1  -  T  RICH  LORO)- B  U  T  Y  LP  H  OSP  H  OROUS  ACID 


V.  S.  Abramov  and  V.  K.  Khairullin 


Full  esters  of  phosphorous  acid  in  the  chemically  pure  form  were  first  isolated  and  described  by  A,  E. 
Arbuzov  in  1905  [1].  Subsequently  chemists  synthesized  a  large  number  of  different  esters  of  phosphorous  acid 
[2].  Special  interest  was  attached  to  the  synthesis  of  mixed  esters  of  phosphorous  acid  because  their  transforma¬ 
tion  into  esters  of  alkylphosphinic  acids  throws  additional  light  on  the  mechanism  of  the  Arbuzov  rearrangement. 
The  following  types  of  compounds  were  prepared:  fatty- aromatic  mixed  phosphites  [3],  various  mixed  cyclic 
esters  of  glycol-phosphorous  acids  [4],  pyrocatechylphosphprous  acid  [5],  and  dicyclohexyl- 1,  1-diol-phosphorous 
acids  [6].  Work  on  mixed  aliphatic  esters  of  phosphorous  acid  has  recently  been  reported  [7], 

Esters  of  phosphorous  acid  with  tertiary  alcohols  have  not  been  studied  at  all  (or  only  to  a  slight  extent). 

In  1927  Chrzaszcrewska  and  Sobieranski  [8]  described  the  action  of  phosphoms  trichloride  on  acetone  cyanohydrin 
which  gave  the  corresponding  full  ester  of  phosphorous  acid.  The  properties  of  the  latter  were  unusual  for  jAos- 
phites  and  were  not  closely  studied.  In  1952  Kosolapoff  [9]  reported  that  the  action  of  phosphorus  trichloride  on 
anhydrous  trimethylcarbinol  in  presence  of  dimethylaniline  in  a  medium  of  dry  ligroln  led  to  the  corresponding 
phosphite.  The  latter  did  not  undergo  rearrangement.  Joung  [10]  repeated  Kosolapoff 's  experiments  and  conclu¬ 
sively  proved  that  the  product  formed  under  these  conditions  is  dHert-butylphosphorous  acid  whose  constants  were 
identical  with  the  product  obtained  by  Kosolapoff.  The  crude  product  had  a  slightly  high  refractive  index,  but 
subsequent  fractionations  invariably  gave  dHert-butylphosphorous  acid. 

Gerrard  and  Wyvill  [11]  investigated  the  influence  of  structure  on  the  reactivity  of  tertiary  alcohols  and 
found  that  heating  of  chloretone  with  phosphorus  trichloride  on  a  water  bath  gives  a  mixture  of  diacid  chloride 
and  monoacid  chloride.  In  presence  of  pyridine  the  diacid  chloride  only  reacts  with  one  mole  of  acetone  chloro¬ 
form,  while  die  monoacid  chloride  does  not  react  at  all.  Gerrard  and  co-workers  [12]  studied  the  action  of  phos¬ 
phorus  trichloride  on  2,  2,,  2-trichloroethanol  and  1,  1,  1,  3,  3,  3-hexachloropropanol-2  and  showed  that  the  latter 
compounds  react  with  difficulty  or  not  at  all  with  phosphorus  trichloride.  In  presence  of  pyridine,  however,  the 
reaction  goes  with  facility  with  formation  of  the  corresponding  phosphites  and  pyridine  hydrochloride.  This  be¬ 
havior  of  halogen-substituted  alcohols  towards  halogenated  compounds  of  phosphorus  is  explained  by  the  lowering 
of  the  reactivity  of  the  alcohol  due  to  the  influence  of  the  chlorine  atoms  and  the  formation  of  a  hydrogen  bond 
with  chlorine.  Pyridine  breaks  the  hydrogen  bond  and  weakens  the  influence  of  die  chlorine  atoms,  thereby 
rendering  the  alcohol  reactive. 

In  the  present  investigation  we  studied  the  formation  of  esters  of  phosphorous  acid  from  tertiary  alcohols. 

For  this  purpose  we  tried  to  repeat  the  work  of  Gerrard*  on  the  synthesis  of  phosphite  from  phosphorus  trichloride 
and  chloretone  in  presence  of  pyridine  in  a  medium  of  dry  ether.  Phosphite  was  not  detected,  however,  in  this 
reaction;  monoacid  chloride  and  unchanged  chloretone  were  obtained.  Diacid  chloride  is  similarly  formed  when 
using  a  molar  ratio  of  phosphorus  trichloride  to  chloretone.  The  acid  chlorides  were  used  as  starting  substances 
for  syntheses  of  mixed  esters. 

We  describe  below  the  syntheses  of  mixed  esters  from  the  monoacid  chloride  of  di-tert-(l,  1,  l-trichloro>- 
butylphosphorous  acid  and  various  alcohols  in  presence  of  pyridine  in  a  medium  of  dry  ether.  The  reaction  was 


•  We  did  not  have  access  to  die  paper  of  W.  Gerrard  and  P.  Wyvill  in  Research  (London),  2,  536  (1949).  The 
constants  are  not  given  in  the  abstract  [11],  and  we  therefore  give  a  full  characterization  of  all  compounds. 


Physical  Properties  and  Analyses  of  Esters  of  Phosphorous 


Crystallized  after  distillation i 


carried  out  at  a  temperature  of  0-5*  with  subsequent  heating  to  the  boiling  point  of  ether.  Primary  alcohols  of 
normal  and  secondary  structures  as  well  as  secondary,  cyclic  and  tertiary  alcohols  were  taken  into  reaction.  Nor¬ 
mal  primary  alcohols  (methyl,  ethyl,  propyl,  butyl  and  octyl)  react  in  the  cold  witli  the  acid  chloride  with  for¬ 
mation  of  the  corresponding  mixed  ester  and  with  precipitation  of  pyridine  hydrochloride.  Yields  of  esters  were 
high  (70  to  90"/o).  The  esters  are  viscous,  colorless  liquids;  their  constants  and  analyses  are  presented  in  Table 
1  (nos.  1-5). 

Primary  alcohok  (isobutyl  and  ftiryl),  and  secondary  alcohok  (isopropyl,  sec-butyl)  and  cyclohexyl  alcohol 
ako  react  with  facility  under  cooling  with  the  monoacid  chloride  ofdHert-(l,  1,  l-trichloro)-butylphosphorous 
acid  in  presence  of  pyridine  and  give  the  corresponding  mixed  esters  in  good  yields.  Their  physical  character¬ 
istics  are  set  forth  in  Table  1  (nos.  6-10).  The  furyl  ester  was  crystalline.  After  two  recrystallizations  from 
ligroin  it  has  m.p.  60-61*.  It  decomposes  when  distilled  in  vacuum.  The  cyclohexyl  ester  of  di-tert-(l,  1,  1- 
trlchloro)-butylphosphorous  acid  was  distilled  in  vacuum  and  characterized;  it  crystallized  when  kept;  m.p.  46-47*. 

Phenol  gives  an  extremely  stable  mixed  ester  with  the  monochloride;  it  distilkin  vacuum  almost  without 
decomposition  at  high  temperature. 

The  reactions  ofdi-tert-(l,  1,  l-trichloro)-butylphosphoro’js  acid  monochloride  with  tertiary  alcohok  are 
of  particular  interest.  The  reactions  were  carried  out  with  trimethylcarbinol,  acetone  cyandiydrin  and  chloretone 
in  presence  of  pyridine  in  a  medium  of  dry  ether,  at  the  start  with  cooling  and  later  with  heating  to  the  boiling 
point  of  ether.  The  corresponding  phosphites  were  not  obtained  although  tertiary  alcohok  with  various  degrees 
of  reactivity  were  taken.  Trimethylcarbinol  contains  a  normally  reactive  hydroxyl  group,  but  neither  we  nor 
Joung  [9,  10]  obtained  phosphites  with  it.  Acetone  cyanohydrin  gives  a  phosphite  [8]  with  phosphorus  trichloride 
and  does  not  give  a  mixed  ester.  The  reactivity  of  chloretone  is  inhibited  but  it  reacts  in  presence  of  pyridine. 
However,  it  likewke  does  not  give  a  phosphite.  A  mixture  of  mono-  and  diacid  chlorides  was  isolated  from  the 
reaction  products. 


TABLE  2 

Complex  Compounds  of  Mixed  Phosphites  With  Cuprous  Chloride 

(CH3),C0  I 

I  POR'CuCl 

CCI3J  2 


Melting 

point 

Chlorine  content 

_ 

Phosphorus  content 

m 

found 

calc. 

found 

calc. 

CH,  . 

182-183° 

47.96 

48.25 

5.95 

6.02 

CzHr,  ...... 

178  (  Witt, 

46.93.  46.72 

47.01 

5.97.  5.83 

5.87 

n-CyH? . 

138 -j  yi*  „ 
162  1 

45.45 

45.80  i 

5.93 

5.72 

n-C^Hg . 

44.73.  44.88 

44.64 

5.69.  5.70 

5.57 

n-C8Hi7  .... 

Obtained  in  the 

:  form  of  syrup 

iso  -C4H9  .... 

II  II 

191  (vith 

decompi 

44.50.  44.56 

44.64 

5.48.  5.50 

5.57 

I  J-CH2  .  .  . 

136  ^^ith 

decomp, 

42.81.  42.78 

42.80 

5.43.  5.42 

5.34 

iso  -C-jHv  .... 

172)  with 

182  1  “®comp 

45.61.  45.52 

45.80 

5.50.  5.51 

5.72 

sec  -C4H0  .  .  . 

44.41.  44.43 

44.64 

5.44.  5.41 

5.57 

CeHji . 

42.40.  42.45 

42.63 

5.28.  5.28 

5.32 

QiHs . 

156 

42.90.  42.81 

43.09 

5.30.  5.25 

5.38 

The  monoacid  chloride  of  dHert“(l,  1,  l-trichloro)-butylphosphorous  acid  reacts  with  ordinary  alcohok 
(methyl  and  ethyl)  in  the  absenee  of  pyridine  with  formation  of  acid.  Considerable  heat  k  developed  when  the 
teaetion  k  carried  out  in  presence  of  water.  In  these  reactions  the  monoacid  chloride  behaves  like  the  odiers 
although  its  reactivity  k  slightly  reduced.  We  prepared  di-tert-(l ,  1,  l-trichloro)-butylphosphorous  acid  by  die 
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action  of  an  equimolar  amount  of  water  on  the  acid  chloride,  and  we  characterized  the  acid  [13].  Both  die  re¬ 
activity  and  steric  hindrance  influence  the  formation  of  phosphites  with  tertiary  alcohols.  In  these  reactions  we 
coiuider  that  a  predominating  and  possibly  a  decisive  part  is  played  by  steric  hindrance. 

As  tme  derivatives  of  trivalent  phosphorus,  all  the  mixed  esters  that  were  prepared  react  with  monohalides 
of  copper.  The  esters  react  energetically  with  cuprous  chloride.  Well-crystallized  complexes  are  formed  except 
with  die  n- octyl  ester  which  gives  a  viscous,  honey- like,  non-crystallizing  product.  The  properties  and  analyses 
of  die  complex  compounds  of  the  mixed  esters  with  cuprous  chloride  are  presented  in  Table  2. 

EXPERIMENTAL 

Preparation  of  the  diacid  chloride  of  tert-(l,  1,  l-trichloro)-butylphosphorous  acid.  137.5  g  phosphorus 
and  177.5  g  aidiydrous  chloretone  in  500  ml  dry  ether  were  placed  in  a  one- liter  round -bottomed  flask  fitted 
with  thermometer,  drc^ping  funnel,  mechanical  stirrer  and  reflux  condenser  closed  with  a  calcium  chloride  tube. 
The  flask  was  cooled  with  ice  and  salt  until  the  temperature  of  the  reaction  mixture  fell  to  (f .  79  g  dry  pyridine 
was  dien  introduced  widi  vigorous  stirring  at  such  a  rate  that  die  temperature  did  not  rise.  After  the  pyridine  had 
been  run  in,  the  mixture  was  stirred  at  room  temperature  for  1  hour  and  heated  to  the  boiling  point  of  ether.  The 
pyridine  hydrochloride  was  quickly  filtered  off,  the  ether  was  driven  off,  and  the  residue  was  fractionated  in  vac¬ 
uum.  Two  consecutive  distillaticxis  gave  a  fraction  with  b4).  118*  (16  mm):  a  readily  mobile  liquid  which  fumed 
in  the  air.  Yield  201  g  (75.5^). 

n^  U5236,  dj*  1,5280.  MRp 65*53;  calculated  55.58 

Found  °hi  Cl  63.40,  63.48;  P  ll.OQ,  lli06.  C^epPCla.  Calculated  Ik  Cl  63.60;  P  11.17. 

Preparation  of  the  monochloride  ofdHert-(l,  1,  l-trichloro)-butylphosphorous  acid.  355  g  chloretone  and 
158.2  g  pyridine  in  200  ml  dry  ether  were  placed  in  a  one  liter  three-necked  flask  fitted  with  thermometer,  drop¬ 
ping  funnel,  mechanical  stirrer  and  reflux  condenser  closed  with  a  calcium  chloride  tube.  To  the  cooled  and 
stirred  mixture  was  added  137.6  g  phosphorus  trichloride  at  such  a  rate  that  the  temperature  did  not  rise  above 
0*.  Stirring  was  thereafter  continued  for  1  hour  at  room  temperature  and  for  Vi  hour  with  heating  to  the  boiling 
point  of  ether.  The  pyridine  hydrochloride  was  rapidly  filtered  off,  the  ether  was  driven  off,  and  the  resiude 
distiUed  in  vacuum.  Three  successive  fractionations  gave  a  fraction  with  b.p.  171*  at  5  mm.  Yield  330  g 
(78.5‘5b). 

ng  1.5265,  dj®  1.5192,  MRjj  84.50;  calculated  84.64. 

Found  Cl  59.06  ,  58.92;  P  7.25,  7.26.  C,HttOiPCl7.  Calculated  <70;  Cl  59.18;  P  7.39. 

Preparation  of  1,  1,  1-trichloro-tert-butyl  ester  of  phosphorous  acid.  185.0  g  chloretone  and  82.5  g  pyridine 
in  200  ml  dry  ether  were  placed  in  a  one  liter  three-necked  flask.  To  the  mixture  was  added  49.6  g  phosphorus 
trichloride  at  such  a  rate  th^t  die  temperature  did  not  rise  above  (f .  The  mixture  was  thereupon  stirred  at  room 
temperature  and  with  heating  to  the  boiling  point  of  ether  for  1V2  hours.  The  pyridine  hydrodiloride  was  rapidly 
Altered  off,  die  ether  was  driven  off,  and  the  residue  was  fractionated  in  vacuum.  Fractionation  proceeded  with 
difAculty.  Several  fractionations  gave  pyridine  (19  g),  chloretone  (53  g)  and  a  fraction  with  b.p.  170-171*  (5  mm) 
and  the  constants  n^  1.5257,  d4®  1.5187,  corresponding  to  die  monochloride  of  tert-(l,  1,  l-trichloro)-butylphos- 
phorous  acid.  Yield  101  g  (66.5‘ijii). 

Preparation  of  mixed  esters  of  dHert-(l.  1,  l-trichloro)-butylphosphorous  acid.  0.1  mole  alcohol  and  0.1 
mole  pyridine  in  200-300  ml  dry  ether  were  placed  in  a  half-Uter  three-necked  flask  Atted  with  thermometer, 
dropping  funnel,  mechanical  stirrer  and  reflux  condenser  closed  with  a  calcium  chloride  tube.  To  the  mixture 
(cooled  with  ice  and  salt)  was  added  0.1  mole  of  the  monochloridc  ofdHert-(l,  1,  l-trichloro)-butylphosphorous 
acid  diluted  widi  a  small  quantity  of  ether;  the  rate  of  addition  was  such  that  the  temperature  of  the  reaction 
mixture  did  not  rise  above  OT.  After  die  monochloride  had  been  added,  stirring  was  ccaitinued  at  first  at  room 
temperature  and  later  with  heating  to  die  boiling  point  of  edier  for  lV{  to  2  hours.  The  pyridine  hydrochloride 
was  rapidly  Altered  off,  the  edier  was  distilled  off,  and  the  residue  was  distilled  in  vacuum.  After  two  to  three 
successive  fractionations  the  pure  mixed  ester  was  usually  obtained.  The  constants  and  analyses  of  the  mixed 
esters  are  given  in  Table  1. 

Preparation  of  complex  compounds  of  mixed  esters  widi  cuprous  chloride.  To  4-5  g  phosphite  in  a  test  tube 
was  added  the  calculated  amount  of  cuprous  chloride  in  one  portion.  The  mixture  was  stirred  with  a  thermometer 
and  the  rise  of  temperature  was  measured.  The  mixture  was  then  carefully  heated  (120-160*)  until  nearly  the 
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whole  of  the  cuprous  chloride  had  dissolved.  Cooling  then  resulted  in  solidification  to  a  dense  mass.  Hie  pro¬ 
duct  was  dissolved  in  a  1:1  mixture  of  anhydrous  alcohol  and  gasoline  (b.p.  70-120r)  and  filtered  through  a 
glass  filter.  The  crystals  were  collected  and  recrystallized  once  or  twice.  Beautifully  formed  crystalline  erxn- 
plexes  were  obtained  with  all  the  esters  (except  that  of  n-octyl  alcohol)  and  the  majority  melted  with  decom¬ 
position.  Data  for  the  complexes  are  presented  in  Table  2. 

SUMMARY 

1.  Steric  factors  play  an  important,  if  not  decisive,  role  during  formation  of  esters  of  phosphorous  acid 
with  tertiary  alccdiols. 

2.  Mixed  esters  of  di-tert-(l,  1,  l-trichloro)-buty]phasphorous  acid  with  primary  and  secondary  alcohols 
and  phenol  were  obtained.  Phosphites  were  not  formed  with  tertiary  alcohols. 

3.  Mixed  esters  of  di-tert-(l,  1,  l-trichloro)-buty]pho8phorous  acid  form  complex  compounds  with  cuprous 
chloride. 
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N- ACYLAMIDOPHOSPHORIC  ACIDS 


A.  V.  Kirsanov  and  R.  G.  Makitra 


Only  one  N-acylamidophosphorlc  acid  of  the  type  of  RCONHPO(CH)i  has  been  known  up  to  the  present 
time;  this  is  N-benzoylamidophosphorlc  acid  which  was  obtained  by  the  action  of  water  on  the  reaction  mixture 
formed  from  phosphoms  pentachloride  and  benzamide  [1]. 

It  was  recently  found  that  treatment  of  unsubstituted  acid  amides  with  phosphorus  pentachloride  leads  to 
nearly  quantitative  yields  of  trichlorophosphazoacyls  [2];  when  these  ate  treated  widi  formic  acid  they  behave 
similarly  to  trichloropho^hazosulfone  compounds  [3]  in  forming  dichlorides  of  acylamidophosphoric  acids  [4]. 

The  reaction  with  formic  acid  could  not  be  used  for  die  preparation  of  the  monochlorides  and  the  free  acylamido¬ 
phosphoric  acids.  Unlike  the  dichlorides  of  arylsulfc«iamidq}hosphoric  acids,  which  react  widi  formic  acid  to 
give  satisfactory  yields  in  succession  of  the  monochlorides  and  the  free  arylsulfonamidc^hosphoric  acids  [3],  the 
dichlorides  of  acylamidophosphoric  acids  either  do  not  enter  into  reaction  widi  formic  acid  or  react  at  higher 
temperatures  with  formation  of  benzonitrile,  phosphorus  oxychloride  and  metaphosphoric  acid.  This  is  probably 
the  consequence  of  the  formic  acid  entering  into  reaction  with  the  dichlorides  of  acylamidophosphoric  acids  at 
temperatures  higher  than  the  temperature  of  thermal  scission  of  the  monochlorides  and  the  free  acylamidophos¬ 
phoric  acids. 

Hydrolysis  of  the  dichlorides  of  acylamidophosphoric  acids  with  water  in  acetone  solution  did  not  give  the 
monochlorides  of  acylamidophosphoric  acids,  but  the  free  acylamidophosphoric  acids  were  obtained  in  substanti¬ 
ally  quantitative  yields. 

N- Acylamidophosphoric  acids  are  crystalline  substances,  readily  soluble  in  water  and  alcohol,  insoluble  in 
acetone,  ether,  benzene  and  tiie  majority  of  other  organic  solvents.  All  the  acylamidophosphoric  acids  decom¬ 
pose  on  heating  to  die  melting  point,  and  in  some  cases  the  decomposition  is  accompanied  by  marked  darkening 
and  the  evolution  of  gases  (see  table).  The  acylamidcpho^jhoric  acids  likewise  break  down  when  heated  in  solu¬ 
tion,  so  diat  they  cannot  be  recrystallized.  However,  recrystallization  is  unnecessary  since  hydrolysis  of  the  pure 
dichlorides  gives  perfectly  pure  acylamidcphosphoric  acids. 

N- Acylamidophosphoric  acids  are  strong  acids  which  displace  carbonic  and  acetic  acids  from  their  salu. 
Widi  methyl  orange  they  titrate  as  monobasic  acids,  but  with  phenolphthalein  as  dibasic  acids.  The  alkali  salts 
of  acylamidcphosphoric  acids  are  crystalline:  diey  are  soluble  in  water  and  more  resistant  to  hydrolysis  than  the 
free  acids.  The  melting  point,  external  appearance  and  analytical  data  of  acylamidophosphoric  acids  are  given 
in  the  table. 

EXPERIMENTAL 

Preparation  of  acylamidophosphoric  acids.  0.055  mole  water  (1  ml)  was  added  to  a  solution  of  0.01  mole 
of  the  dichloride  of  the  acylamidophosphoric  acid  in  15  ml  acetone,  and  the  solution  was  left  in  an  open  dish 
overnight.  With  progress  of  the  reaction  and  with  evaporation  of  the  acetone,  the  free  acylamidophosp>horic  acid 
came  down  gradually  in  the  form  of  well- developed  crystals.  Development  of  heat  and  evolution  of  hydrogen 
chloride  were  observed  on  addition  of  die  water  when  the  reaction  was  carried  out  with  large  amounts.  The  fol¬ 
lowing  day  the  dish  containing  the  crystals  was  placed  in  a  desiccator  over  potassium  hydroxide  for  several  hours, 
after  which  die  product  was  mixed  with  10  ml  hot  acetone,  filtered  at  die  pump,  washed  with  warm  acetone, 
and  dried  in  a  desiccator  over  potassium  hydroxide  and  sulfuric  acid.  Yield  nearly  quantitative. 


Acylamidophosphoric  Acids  of  the  Type  of  RCONHPO(OH)j  ftepaied  According  to  die  Equation:  RCONHPOClj  +2HtO— *2HC1+  RCONHPO(OH)j 


&  ^ 


22 


.59 


lyl  orange  equivalent  for  all  the  compo'jnds  is  1;  die  phenolphdialein  equivalent  is  2. 


SUMMARY 


Ten  acylamidophosplioric  acids  were  prepared  by  hydrolyib  of  the  dichlorides  of  acylamidophoaphoric 

acids. 
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INVESTIGATIONS  IN  THE  ISOXAZOLE  SERIES 


III.  SYNTHESIS  OF  ARYLISOXAZOLES 

N.  K.  Kochetkov,  E.  D.  Khomutova,  M.  Ya.  Karpeisky  and  A.  Ya.  Khorlin 


As  reported  previously  [1],  one  of  the  most  convenient  metfiods  of  synthesis  of  alkylisoxazoles  is  based  on 
the  reaction  of  alkyl-fl-chlorovinyl  ketones  with  hydroxylamine.  Recently  we  developed  a  direct  method  of 
synthesis  of  aryl-13 -chlorovinyl  ketones  [2]  which  made  the  latter  just  as  accessible  as  their  aliphatic  analogs. 
Since  the  arylisoxazoles  have  been  very  inadequately  studied  due  to  their  difficult  accessibility,  we  decided  to 
fill  this  gap  and  to  develop  their  synthesis  on  the  basis  of  aryl-3  -chlorovinyl  ketones. 

It  was  found  that  aryl- 6 -chlorovinyl  ketones  react  with  hydroxylamine  hydrochloride  under  the  same  con¬ 
ditions  as  their  aliphatic  analogs  [1],  i.e.  on  heating  of  both  components  in  methanol,  with  formation  of  the  aryl¬ 
isoxazoles  in  high  yields.  As  we  know  [1],  reaction  of  alkyl- 3 -chlorovinyl  ketones  with  hydroxylamine  gives  a 
mixture  of  a  -  and  y -isomers  (5-  and  3-substituted  isoxazoles),  which  contains  50-6CP/o  of  the  a -form.  We  studied 
this  reaction  With  phenyl- 3 -chlorovinyl  ketone  and  established  that  a  mixture  of  approximately  equal  parts  of 
a  -  and  y  -phenylisoxazoles  is  formed  in  this  case: 


CfiH5COCH=CHCI  -^NH.OH 


CeHs- 


N. 


Claisen's  method  was  used  for  determination  of  the  content  of  a -isomer  in  the  mixture.  This  method  [3] 
is  based  on  cleavage  of  the  a -isomer  of  the  isoxazole  under  the  action  of  sodium  alkoxide,  with  formation  of 
3 -ketonitrile.  We  slightly  modified  the  original  method  of  Claisen  and  isolated  the  product  of  cleavage  not  in 
the  form  of  the  sodium  salt  of  the  ketonitrile  but  in  the  form  of  cyanoacetophenone  itself;  the  completeness  of 
cleavage  could  be  checked  in  this  manner.  In  spite  of  this  improvement,  however,  the  method  of  determination 
of  the  percentage  content  of  a -isomer  cannot  be  considered  analytically  accurate:  it  gives  consistently  low  re¬ 
sults.  The  numerical  data  obtained  by  this  method,  including  the  data  in  the  present  work,  therefore  bear  an 
indicative  character. 

Our  analysis  of  the  specimen  of  phenylisoxazole  that  we  prepared  showed  that  mote  than  62-67%  of  the 
a -isomer  was  present.  Complete  separation  of  the  two  arylisoxazoles  met  with  serious  difficulties  and  we  were 
compelled  to  abandon  the  attempt. 

Phenyl-3 -chlorovinyl  ketones  substituted  in  the  aromatic  nucleus  (p-tolyl,  p-chloro-,  p-nitrophenyl)  like¬ 
wise  generally  react  smoothly  with  hydroxylamine,  with  formation  of  arylisoxazoles  in  high  yields  (70-90%). 
Negative  results  were  obtained  only  with  o-bromophenyl-6 -chlorovinyl  ketone;  the  arylisoxazole  did  not  sep¬ 
arate  when  the  ketone  was  reacted  with  hydroxylamine.  In  contrast  to  phenylisoxazole,  the  arylisoxazoles  con¬ 
taining  a  substituent  in  the  aromatic  nucleus  were  solids.  This  enabled  in  the  present  case  a  more  precise  solu¬ 
tion  of  the  problem  of  formation  of  the  isomers.  The  compounds  separated  from  the  reaction  mixture  in  very 
high  yield  (up  to  90%)  had  very  sharp  melting  points  even  before  purification  and  these  scarcely  changed  after 
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recrystallization.  This  fact  indicates  that  the  prepared  compounds  arc  pure  substances;  nor  could  a  second  isomer 
be  isolated  from  the  recrystallization  mother  liquors.  Consequently  the  reaction  of  ring-substituted  aryl-d-chlo- 
rovinyl  ketones  with  hydroxylamine  goes  only  in  one  direction.  We  cannot  definitely  rule  out  die  possibility  of 
formation  of  very  minute  amouts  of  a  second  isomer,  but  this  possibility  cannot  in  any  way  detract  from  the  pre¬ 
parative  value  of  the  method.  The  melting  point  of  the  prepared  p-tolylisoxazole  was  identical  with  that  of 
the  compound  described  by  Mumm  [4]  as  a -(p-tolyl)-isoxazole,  whose  structure  follows  from  its  transformations. 
Later  on  in  this  paper  we  submit  supporting  evidence  that  the  p-nitrc^henylisoxazole  obtained  from  p-nitrophenyl- 
fl -chlorovinyl  ketone  is  likewise  the  a -isomer.  It  can  scarcely  be  doubted  that  the  p-chlorophenylisoxazole 
syndiesized  by  the  same  method  is  the  a -isomer.  Consequently  the  reaction  of  aryl-d-chlorovinyl  ketones,  con¬ 
taining  substituents  in  the  aromatic  ring,  with  hydroxylamine  differs  from  the  analogous  reaction  with  alkyl-3- 
chlorovinyl  ketones  in  going  in  only  one  direction  and  leading  to  5-arylisoxazoles.  It  is  probably  the  most  con¬ 
venient  synthesis  of  these  compounds: 


COCH=CHCI  -t-  NH 


.,OH 


X  =  CH3,  Cl,  NO, 


X. 


The  new  data  widen  the  possibility  of  synthesis  of  isoxazole  derivatives  on  the  basis  of  3  -chlorovinyl  ke¬ 
tones  [1]  and  indicate  tiiat  the  method  is  a  sufficiently  general  one. 

One  of  us  has  shown  [5]  that  alkyl-6 -dialkylaminovinyl  ketones  likewise  react  with  hydroxylamine  to  give 
excellent  yields  of  alkylisoxazoles,  and  in  this  case  die  reaction  goes  almost  exclusively  in  the  direction  of  for¬ 
mation  of  the  a -isomer.  We  can  now  submit  new  results  for  the  influence  of  a  substituent  in  the  3 -position  of 
a  vinyl  ketone  of  the  type  of  RCOCH=CHX  as  exemplified  by  phenylisoxazole. 


It 


M 

»♦ 


CflHsCOCH^CHX  NHgOH 


O 

X=OC,H  ,  NICHjl,,  N(C,H,),. 


-C«H, 


o 


It  was  found  that,  just  as  in  the  aliphatic  series,  phenyl-3 -dialkylaminovinyl  ketones  give  a  high  yield 
of  phenylisoxazole  consisting  of  a -isomer  to  the  extent  of  not  less  than  90%.  The  product  is  very  probably  sub¬ 
stantially  pure  a -phenylisoxazole  since  it  sets  completely  to  a  crystalline  mass  with  m.p.  25-27“.  This  route 
is  evidently  the  most  convenient  for  preparation  of  this  compound. 

The  reaction  of  phenyl- 3 -phenoxyvinyl  ketone  with  hydroxylamine  gave  a  40%  yield  of  phenylisoxazole 
consisting  of  a -isomer  to  the  extent  of  52%.  This  result  is  in  agreement  with  the  observation  [6]  that  methyl- 
6-phenox)rvinyl  ketone  reacts  with  hydroxylamine  to  give  a  31%  yield  of  methylisoxazole  with  an  a  -isomer 
content  of  over  30%.  We  attempted  to  prepare  an  isoxazole  by  condensing  hydroxylamine  with  a  quaternary 
salt  of  3-aminovinyl  ketone:  a  salt  of  3-benzoylvinyltriethyl  ammonium:  in  this  experiment,  however,  phen¬ 
ylisoxazole  was  obtained  in  low  yield  and  not  perfectly  pure;  this  was  probably  die  consequence  of  side  reactions 
(possibly  hydrolytic  fission  of  the  quaternary  salt,  etc.);  this  reaction  is  therefore  lacking  in  preparative  interest. 

The  above  results  show  fairly  conclusively  that  the  ratio  of  the  a-  and  y  -  isomers  of  phenylisoxazole 
formed  is  governed  by  the  character  of  the  3  -substituent  X  in  the  substituted  vinyl  ketone  RCC)CH=CHX.  In  line 
with  the  earlier  hypothesis  of  one  of  us  [5],  the  amount  of  a -isomer  formed  increases  with  the  suppression  of  the 
electrophilic  activity  of  the  carbonyl  group  in  the  system: 


512 


^  c- 

R-C-CH  =  CH-X 


The  ratio  of  isomeric  a  -  and  y -phenylisoxazoles  obtained  in  their  synthesis  from  dialkylaminovinyl  ke¬ 
tone  (X  =  NR'2),  phenoxyvinyl  ketone  (X  =  (X:jH5)  and  chlorovinyl  ketone  (X  =  C1)  indicates  that  suppression  of 
the  electrophilic  activity  of  the  carbonyl  group  is  intensified  in  the  order  phenoxyvinyl  ketone  <  chlorovinyl 
ketone  <  dialkylaminovinyl  ketone. 

The  results  obtained  in  this  part  of  the  work  compel  us  to  entertain  serious  doubts  about  the  data  of  Italian 
authors  [7]  who  claimed  that  pure  y  -substituted  isoxazoles  can  be  obtained  by  the  reaction  of  alkoxyvinyl  ke¬ 
tones  with  hydroxylamine. 

With  the  objective  of  confirming'  our  claim  diat  a -(p-nitrophenyl)-isoxazole  is  actually  formed  in  the 
reaction  of  p-nitrophenyl- 6 -chlorovinyl  ketone  with  hydroxylamine,  we  carried  out  experiments  on  the  nitration 
of  a  specimen  of  phenylisoxazole  obtained  from  dialkylaminovinyl  ketone  and  consisting  of  substantially  pure 
a  -  isomer.  Nitration  with  a  mixture  of  nitric  and  sulfuric  acids  gave  a  total  yield  of  68^0  of  a  mixture  of  nitro 
derivatives  which  contained  over  25%  of  a  substance  identical  (mixed  melting  test)  with  the  substance  obtained 
from  p-nitrophenyl- 6 -chlorovinyl  ketone.  The  position  of  the  nitro  group  in  this  compound  was  confirmed  by 
oxidation  with  permanganate  which  led  to  p-nitrobenzoic  acid.  Notwithstanding  that  the  nitration  of  phenyl¬ 
isoxazole  is  a  complex  process  and  gives  a  mixture  of  nitro  derivatives  (we  are  now  making  a  closer  study  of 
the  problem),  the  data  afford  adequate  confirmation  that  p-nitrophenyl-b -chlorovinyl  ketone  and  hydroxylamine 
actually  gave  an  a  -substituted  isoxazole. 

It  is  necessary  to  add  that  p-nitrophenylisoxazole  obtained  by  us  by  the  above  two  routes  was  very  similar 
to  the  substance  described  by  Musante  as  y  -(p-nitrophenyl)- isoxazole.  The  Italian  authors,  however,  nitrated 
a  specimen  of  phenylisoxazole  of  unclarified  structure,  so  that  the  structure  of  the  product  of  nitration  given  by 
the  author  is  not  proven.  Scrutiny  of  the  paper  [8]  leads  us  to  the  conclusion  that  Musante  actually  prepared  a 
compound  identical  with  ours,  i.e.  a -(p-nitrophenyl)- isoxazole. 


EXPERIMENTAL 

Arylisoxazoles  from  fl -chlorovinyl  ketones.  Phenylisoxazole.  63  g  phenyl- fl -chlorovinyl  ketone  and  27 
g  hydroxylamine  hydrochloride  in  150  ml  dry  methanol  were  heated  on  a  water  bath  for  6  hours.  The  reaction 
mixture  was  cooled  and  poured  into  water.  The  resultant  oil  was  collected  and  die  aqueous  layer  extracted 
once  with  benzene  and  three  times  with  ether.  The  combined  extracts  were  dried  over  magnesium  sulfate,  the 
solvent  was  distilled  off,  and  the  residue  was  distilled  in  vacuum.  The  fraction  with  b.p.  91-93*  (3  mm)  was 
phenylisoxazole;  yield  38.5.-44  g  (70-80%),  n^  1.5826. 

Found  %:  N  9.81,  9.88.  C9H7ON.  Calculated  %;  N  9.65 

Pheny isoxazole  is  a  colorless  liquid  with  a  characteristic  odor.  Literature  data  for  y  -phenylisoxazole: 
b.p.  156-158*  at  28  mm  [9].  A  solution  of  8  g  of  the  prepared  phenylisoxazole  in  25  ml  anhydrous  alcohol  was 
added  dropwise  to  a  solution  of  1  g  sodium  in  50  ml  anhydrous  alcohol.  The  mixture  was  heated  on  a  water  bath 
for  30  minutes,  cooled,  and  mn  into  water.  The  resultant  homogeneous  solution  was  extracted  tfiree  times  with 
ether.  The  ethereal  extracts  were  combined  and  dried  over  magnesium  sulfate  and  the  ether  was  driven  off. 

The  residue  contained  a  blob  of  oil;  tfiis  proved  that  fission  of  the  sample  of  phenylisoxazole  had  been  complete. 
The  aqueous  layer  was  acidified  with  10%  hydrochloric  acid  until  acid  to  Congo  and  allowed  to  stand  overnight. 
The  next  day  the  precipitate  was  filtered  off  and  dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  Yield 
of  (i;-cyanoacetophenone  5-5.4  g,  corresponding  to  an  a  -isomer  content  of  60-67%,  m.p.  80-80r .  Literature 
data  for  c4;-cyanoacet(^henone  80-81*  [10], 

g -(p-Tolyl)- isoxazole  was  prepared  similarly  from  8  g  p-tolyl- 6 -chlorovinyl  ketone  and  4  g  hydroxyl¬ 
amine  hydrochloride  in  50  ml  dry  methanol.  Yield  6.5  g  (90%),  m.p.  52-56*.  Recrystallization  from  ligroin 
gave  white,  lustrous  crystals  with  m.p.  58-60*.  The  literature  [4]  reports  m.p.  60*  for  g -(p-tolyl)- Isoxazole. 

Found  %:  N  8.99,  8.63.  C10H9ON.  Calculated  %:  N  8.73. 
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a  -(p-Chlorophenyl)-lsoxazole  was  similarly  prepared  from  6.1  g  p-chlorophenyl-fl -chlorovinyl  ketone 
and  2.8  g  hydroxylamlne  hydrochloride  in  50  ml  dry  methanol.  Yield  5  g  (OO’/o),  m.p.  76-79’.  Recrystallization 
from  ligroin  gave  yellow  crystals  with  m.p.  82-82.5*. 

Found  ‘5b;  N  7.64,  7.73.  C,H,ONCl:  Calculated  <^0:  N  7.79. 

a  -(p-Nitrophenyl)-isoxazole.  5.6gp-t1itrophenyl-6  -chlorovinyl  ketone  was  added  to  a  solution  of  2.5  g 
hydroxylamlne  hydrochloride  in  30  ml  metlranol  and  heated  on  a  water  bath.  After  2  hours  die  reaction  mass 
turned  yellow  and  a  flocculent  precipitate  came  down.  Another  30  ml  methanol  was  added  and  heating  con¬ 
tinued.  After  lVi*‘2  hours  the  precipitate  dissolved.  9  hours  after  the  start  of  heating,  the  reaction  mixture  was 
cooled  and  left  overnight.  The  next  day  the  precipitate  was  filtered.  Yield  of  a -(p-nitrophenyl)-isoxazole 
3.5  g  m^.  165-169*.  Recrystallization  from  glacial  acetic  acid  gave  golden-yellow  crystals  with  m.p. 

172-174*. 

Found  ‘5b:  N  14.51,  14.85.  CjHjOiNt.  Calculated  N  14.73. 

Nitration  of  phenylisoxazole.  13.8  g  phenylisoxazole,  prepared  from  phenyl- (3 -dimethylaminovinyl  ketone 
was  added  dropwise  (with  vigorous  stirring  and  cooling  to  “-10  to— 5*)  to  46  ml  sulfuric  acid  (d  1.83).  Addition 
was  dien  made  to  die  mixture  (with  cooling  to— 5  to— 2*)  of  a  mixture  of  21.5  ml  nitric  acid  (d  1.54)  and  31  ml 
sulfuric  acid  (d.1.83),  after  which  the  reaction  mass  was  stirred  at  room  temperature  for  30  minutes  and  pouted 
on  to  ice.  The  white  crystals  were  filtered  off  and  dried  in  a  vacuum-desiccator  over  phosphorus  pentoxide. 

Yield  12.3  g  (68%)  widi  m.p.  116-125*.  Recrystallization  from  methanol  gave  3.05  g  (yield  17%  on  the  phen¬ 
ylisoxazole  and  25%  on  the  total  amount  of  products)  of  colorless  crystals  with  m.p.  171-172*. 

Found ‘5b;  14.75,14.86.  CjM^OiNi.  Calculated  %:  N  14.73. 

A  mixed  melting  test  with  a  specimen  obtained  from  p-nitrophenyl- 3 -chlorovinyl  ketone  did  not  give  a 
depression. 

The  nitrq)henylisoxazole  with  m.p.  171-172*  was  boiled  with  aqueous  potassium  permanganate  to  form 
p-nitrobenzoic  acid  wifri  m.p.  233*.  Recrystallization  from  water  gave  lustrous  crystals  with  m.p.  237-237.5*. 

A  mixed  melting  test  with  p-nitrobenzoic  acid  did  not  give  a  depression.  The  literature  [11]  reports  m.p.  238* 
for  p-nitrobenzoic  acid. 

Reaction  of  phenyl- 3 -dialkylaminovinyl  ketones  with  hydroxylamine  hydrochloride.  50  g  phenyl-3 -di- 
melhylaminovinyl  ketone  and  20  g  hydroxylamine  hydrochloride  in  150  ml  dry  methanol  were  heated  for  6  hours. 
The  mixture  was  run  into  water;  after  working  up  by  the  above  method,  29-31.5  g  phenylisoxazole  (70-70%)  was 
obtained;  b.p.  96*  at  2  mm,  n^  1.5840,  m.p.  25-2T.  10.5  g  of  the  product  was  treated  with  a  solution  of  2.3  g 
sodium  in  50  ml  anhydrous  alcohol  by  frie  mediod  described  above.  9.45-9.55  g  of  (j-cyanoacetophenone  was 
thus  obtained,  corresponding  to  an  a  -isomer  content  of  90-91%;  m.p.  80-81*.  By  the  above-described  procedure, 
30  g  phenyl- 3 -diethylaminovinyl  ketone  and  12.5  g  hydroxylamine  hydrochloride  gave  15.4  g  (72%)  of  phenyl¬ 
isoxazole  widi  b.p.  95-96*  at  2  mm,  n^  1.5844. 

Cleavage  of  die  alcoholate  as  described  above  shows  that  the  specimen  contains  90%  of  a -isomer. 

Reaction  of  phenyl- 3 -phenoxyvinyl  ketone  widi  hydroxylamine  hydrochloride.  lO.bgj^eiyl-d-phenoxy- 
vinyl  ketcxie  [12]  and  4,5  g  hydroxylamine  hydrochloride  in  30  ml  dry  methanol  were  heated  on  a  water  bath 
for  7  hours.  Working-tip  in  the  above  manner  gave  phenylisoxazole  with  b.p.  96*  at  2  mm;  yield  3  g  (39%), 
n{5  1.5831. 

Treatment  of  the  prepared  substance  with  alcoholate  showed  that  it  contained  52%  of  a -isomer. 

Reactiwi  of  3 -benzoyl- vinyltriediylammonium  chloride  with  hydroxylamine  hydrochloride.  22  g  of  3 - 
benzoyl  vinyltriediylammonium  chloride  [13]  and  10  g  hydroxylamine  hydrochloride  in  75  ml  dry  medianol 
were  heated  on  a  water  bath  for  10  hours.  After  working  up  in  the  manner  described  above  for  phenyl-3  -chlo¬ 
rovinyl  ketone,  phenylisoxazole  with  b.p.  84*  at  1  mm  was  obtained;  yield  2  g  (17%),  1.5830. 

SUMMARY 

1.  Reaction  of  aryl- 3 -chlorovinyl  ketones  with  hydroxylamine  yields  arylisoxazoles;  the  reaction  goes  in 
one  direction  when  die  aromatic  nucleus  contains  a  substituent,  and  only  a  -substituted  isomers  are  obtained. 
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This  reaction  can  serve  as  a  convenient  method  of  synthesis  of  arylisoxazoies. 

2.  The  ratio  of  a  -  and  y -substituted  isoxazoles  formed  in  the  reaction  of  0-substituted  vinyl  ketones 
RCC)CH=CHX  with  hydroxylamine  is  shown  to  depend  on  the  character  of  die  substituent.  Substantially  pure  a- 
substituted  isomer  is  formed  when  X  =  NRe. 
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DERIVATIVES  OF  HEX AMETH YLENEIMINE 
I.  SYNTHESIS  OF  N-ALKYL  DERIVATIVES  OF  HEXAMETH YLENEIMINE 

G.  S.  Koles.nikov  and  N.  N.  Mikhailovskaya 


Very  little  study  has  been  devoted  to  the  chemical  properties  of  hexamethyleneimine  and  its  derivatives. 
Mention  is  made  in  the  literature  of  the  preparation  of  N-methyDiexamethyleneimine  by  the  action  of  formal¬ 
dehyde  and  formic  acid  on  hexamethyleneimine  at  110-115*  in  sealed  vessels  [1];  N-methylhexamethyleneimine 
can  also  be  obtained  by  reduction  of  N-methyl-c -caprolactam  witfi  lidiium  aluminum  hydride  [2].  N-o-Chlo- 
robenzyOiexamethyleneimine  has  been  proposed  as  an  insecticide,  but  details  of  its  preparation  and  its  properties 
are  not  given  [3],  Descriptions  have  been  given  of  the  synthesis  and  properties  of  such  N-ct,-hydroxyalkyl  deriva¬ 
tives  of  hexamethyleneimine  as  N-y -hydroxypropyDiexamethyleneimine,  N-6-hydroxypropylhexamelhylene- 
imine,  N-6-hydroxyisopropylhexameihyleneimine;  these  N-derivatives  of  hexamethyleneimine  were  obtained 
by  the  action  of  the  corresponding  hydroxybromo  derivatives  on  hexamethyleneimine  [4]. 

The  synthesis  of  N-alkyl  derivatives  of  hexamethyleneimine  was  realized  by  reaction  of  hexamethylene¬ 
imine  with  alkyl  chlorides  or  bromides,  and  it  was  established  that  alkyl  bromides  react  widi  hexamediyleneimine 
with  greater  facility  than  alkyl  chlorides.  At  the  same  time  die  hydrohalide  of  hexamethyleneimine  is  formed, 
and  performance  of  th:  reaction  necessitates  taking  not  less  than  2  moles  of  hexamethyleneimine  for  each  mole 
of  alkyl  halide: 

2(CH,)gKH+RX  ->(CH2)^  +  (CH,)eNH*HX. 

An  intermediate  product  of  the  reaction  is  evidently  the  hydrohalide  of  the  N-alkyDiexamethyleneimine, 
reaction  of  which  with  unalkylated  hexamediyleneimine  leads  to  formation  of  free  N-alkylhexamethyleneimine 
and  the  hydrohalide  of  hexamethyleneimine: 

(CH,)eNH  +  RX  (CH2)6NR  •  HX . 

(CHj)^R*HX  +  (CH2)eNH  -»  (CH2)6NR+(CH2)8NH -HX. 

We  found  that  increase  in  die  hexamediyleneimine/n-butyl  bromide  molar  ratio  from  1 : 1  to  2 : 1  leads  to 
rise  in  the  yield  of  N-n-butyDiexamediyleneimine  from  39  to  75%,  calculated  on  the  n-butyl  bromide.  In  our 
opinion  this  fact  confirms  the  proposed  reaction  scheme. 

The  N-alkylhexamethyleneimines  that  we  synthesized  and  their  prqierties  are  presented  in  Table  1. 

All  the  N-alkylhexamediyleneimines  are  very  hygroscopic  liquids  with  a  pungent  odor  and  they  have  well- 
marked  basic  properties.  This  last  characteristic  permitted  determination  of  the  molecular  weight  of  the  N-al- 
kyQiexamediyleneimines  by  direct  titration  with  0.1  N  HCl. 

We  also  attempted  to  prepare  N-vinylhexamediyleneimine  by  the  action  of  vinyl  bromide  on  hexamediyl- 
eneimine.  No  reaction^  however,  occurred  at  room  temperature  and  the  formation  of  hexamethyleneimine  hy- 
drobromide  was  not  observed;  the  starting  substances  were  recovered  unchanged  on  distillation  of  the  reaction 
mixture.  An  attempt  to  synthesize  N-vinyBiexamediyleneimine  by  splittii^  off  water  from  N-3-hydroxyethyl- 
hexamethyleneimine  by  distillation  over  solid  caustic  potash  was  likewise  unsuccessful.  N-VinyDiexametfiylene- 
imine  could  not  be  prepared  by  vinylation  of  hexamethyleneimine  with  acetylene  [5]  in  presence  of  caustic 
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N*  AlkyOiexamcthyleneimines 


N-Alkylhexa- 

methyleneimine 

Yield 

C^) 

Boiling 

point 

M 

M 

"D 

N-Ediylhexameti^- 

eneimine 

41 

150-151° 

0.8494 

1.4579 

N-n-Propylhexa- 

methyleneimine 

55 

176—177 

0.8417 

1.4555 

N-n-Butylhexa- 

1.4573 

methyleneimine 

75 

196—197 

0.8432 

N-Isobutylhexa- 

methyleneimine 

33 

185—186 

0.8349 

1.4530 

N-Isoamylhexa- 

1.4569 

methyleneimine 

N-Benzylhexa- 

77 

208—209 

127-130  (2  mnt 

0.8417 

0.%57 

1.5300 

methyleneimine 

N-Allylhexamethyl- 

77 

eneimine 

N-fl  -Hydroxyethyl- 

53 

175—176 

0.8626 

0.9813 

1.4670 

1.4853 

hexamediyleneiT- 

mine 

24 

97  (14  mm) 

potash  and  hydroquinone  under  a  pressure  of  16-19  atm.  at  145-155*;  the  reaction  gave  a  resin  which  was  not 
subjected  to  investigation. 


EXPERIMENTAL 

Reaction  between  hexamediyleneimine  and  alkyl  halides  was  performed  in  a  three-necked  flask  fitted  with 
reflux  condenser,  stirrer  and  dropping  funnel.  In  tfie  flask  were  placed  0.5  mole  hexamethyleneimine  and  100 
ml  dry  benzene,  and  0.25  mole  alkyl  brcanide  was  introduced  dropwise  while  stirring.  Chloro  derivatives  were 
used  in  the  syndiesis  of  N-benzySiexamethyleneimine  and  N-5-hydroxyethylhexamediyleneimine.  0.45  mole 
ethyl  bromide  was  taken  for  the  syntiiesis  of  N-ethy&iexamethyleneimine. 

Molecular  weights  of  the  N-alkyOiexamethyleneimines,  found  by  titration  widi  0.1  N  HCl,  are  listed  in 
Table  2. 


TABLE  2 

Molecular  Weights  of  N-AlkyDiexamethyleneimines 


1 

N-Alkylhexamethylene- . 
imine 

Molecular  weight 

found  {calculated 

N-Ethylhexamethyleneimine 

N-n-I^pylhexamethyleneimine 

N-n-  Butyuiexamethyleneimine 

N-Isobutylhexamethyleneimlne 

N-lsoamylhexamethyleneimine 

N-Benzvihexamethvleneimine 

N-Allymexamediyleneitnine 

129.2.  129.4 
142.0.  143.0 
156.0.  156.5 
155.0.  156.0 
170.0.  170.0 

190.5.  191.0 

140.5.  141.3 

127.1 

141.3 

155.3 

155.3 

169.3 

189.3 

139.3 

SUMMARY 

Eight  N- alkyl  derivatives  of  hexamethyleneimine  were  synthesized  by  reaction  of  hexamethyleneimine 
widi  halogenated  derivatives. 
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THE  KETOVIN  YL  ATION  OF  THIOPHENOLS 


N.  K.  Kochetkov  and  V.  N.  Vinogradova 


A  fairly  large  number  of  reactions  are  known  that  lead  to  substitution  of  a  chlorine  atom  in  d-chlorovinyl 
ketones;  on  these  is  based  the  introduction  of  the  R-CO  CH  =  CH-  residue  into  the  molecule  of  an  organic  or 
inorganic  compound  (the  ketovinylation  reaction)  [1-5].  Up  to  now,  however,  the  reaction  of  0-chlorovinyl 
ketones  with  sulfur  compounds  has  remained  unknown.  The  present  work  is  devoted  to  a  study  of  the  fiist  example 
of  this  type  of  reaction- that  of  fl -chlorovinyl  ketones  with  diiophenols* 

The  investigation  showed  that  this  reaction  goes  smoothly  when  the  two  components  are  in  aqueous  alkaline 
solution,  just  as  is  the  case  in  the  ketovinylation  of  phenols  [6]. 


RCOCH=CHCI  -f-  ArSH  — ^  RCOCH=CHSAr 

R=CH„  n-C,H,.  C,H,:  p  =C,H,.  p-CHaC.H,,  p-NO,C,H,. 


Consequently,  in  the  ketovinylation  of  thiophenols,  sodium  thiophenate  actually  reacts  and  the  reaction 
involves  nucleophilic  substitution  of  a  chlorine  atom  in  the  molecule  of  d -chlorovinyl  ketone  under  the  action 
of  the  thiophenate  ion. 

The  reaction  is  fairly  general  in  character.  On  the  one  hand  alkyl-  and  aryl-d -chlorovinyl  ketones  under¬ 
go  the  reaction,  and  on  the  other  hand  thiophenol  itself,  its  homologs  (p-thiocresol)  and  its  derivatives  (p-nitro- 
thiophenol).  Ketovinylation  of  thic^henols  goes  in  the  cold  with  great  facility,  as  evidenced  by  the  high  yields 
of  reaction  products  which  approach  the  theoretical  in  the  majority  of  cases.  It  is  necessary  to  point  out  that 
this  reaction  proceeds  with  greater  facility  than  the  analogous  chlorovinylation  of  phenols  [6],  as  was  to  be  anti¬ 
cipated  in  view  of  the  higher  nucleophilic  activity  of  the  thiophenate  ion. 

The  aryl- 3 -acylvinyl  sulfides  RCOCH=CHSAr  obtained  in  the  reaction  are  colorless  solids  and  are  easily 
separated  from  die  reaction  mixture  by  die  usual  methods.  Phenyl- 3 -butyroylvinyl  sulfide  is  a  high-boiling 
liquid.  All  the  sulfides  are  fairly  stable  in  storage. 

It  was  a  matter  of  interest  to  compare  the  behavior  of  this  new  class  of  compounds  with  their  analogs  con¬ 
taining  odier  heteroatoms  In  the  3 -position  of  the  ketovinyl  residue:  B-phenoxyvinyl  ketones,  3-dIalkylamino- 
vinyl  ketones  and  the  3 -chlorovinyl  ketones  themselves.  The  double  bond  in  the  prepared  compounds  is  evidently 
not  very  active  since  the  compounds  could  not  be  made  to  undergo  die  diene  synthesis  even  with  the  extremely 
active  cyclopentadiene.  Under  mild  .conditions  the  ketovinyl  sulfide  Is  recovered  unchanged,  and  at  higher  tem¬ 
peratures  (120-150*)  the  reaction  mixture  is  completely  resinified.  Consequently,  in  respect  of  the  dienophilic 
activity  of  dieir  double  bond,  die  aryl-3-acylvinyl  sulfides  ate  inferior  not  only  to  the  chlorovinyl  ketones  [7,  8] 
but  abo  to  the  phenoxyvinyl  ketones  [9],  and  they  approximate  to  the  3‘-dialkylaminovinyl  ketones  which  ate 
quite  incapable  of  undergoing  the  diene  synthesis  [10].  The  most  probable  cause  of  thb  behavior  is  that  the  con¬ 
jugation  of  die  free  electron  pairs  of  die  heteroatom  of  die  3  -substituted  vinyl  ketone  widi  the  double  bond  is 
more  strongly  develqied  in  die  case  of  sulfur  than  in  the  case  of  chlorine  or  oxygen.. 
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R-C-CH  =  CH-S-Ar 

IK 

oJ 

As  we  know,  the  free  electron  pairs  of  the  atom  of  divalent  sulfur  are  readily  available  for  sharing  (being 
inferior  in  this  resjject  only  to  the  nitrogen  atom),  as  demonstrated  by  the  formation  of  sulfonium  compounds. 

The  high  degree  of  conjugation  in  the  molecule  of  the  prepared  ketovinyl  sulfides  is  also  evidenced  by  the  high 
exaltation  of  the  molecular  refraction  of  the  only  liquid  among  the  prepared  compounds- phenyl- d -butyroyl- 
vinyl  sulfide. 

The  keto  group  of  aryl-d -acylvinyl  sulfides  manifests  its  usual  properties,  retaining  the  ability  to  form 
dinitrophenylhydrazones.  It  is  interesting  to  note  that  the  latter  do  not  cyclize  to  pyrazole  derivatives  under 
the  conditions  of  formation  as  sometimes  happens  in  the  reaction  of  2,  4-dinitrophenylhydrazine  with  a  ,  ri  un¬ 
saturated  ketones  [11,  12]. 

In  other  cases,  however,  the  derivatives  undergo  a  cyclization  at  the  carbonyl  group  which  is  characteristic 
of  d -substituted  vinyl  ketones  with  formation  of  a  heterocyclic  system  [1].  Thus,  the  reaction  of  p-tolyl-d-benz- 
oylvinyl  sulfide  with  hydroxylamine  leads  at  once  to  phenylisoxazole  in  the  form  of  a  mixture  of  approximately 
equal  parts  of  a  -  and  y -isomers. 


QHgC 


CH 


k 


CoH5COCH=CHSC„H4CH3-P 


NH.OH  yl 

\  CH - CH 


N.  /C-CgHs 


This  reaction  illustrates  the  lability  of  the  thiophenoxy  group  in  the  compounds  studied.  Its  course  is  sim¬ 
ilar  to  that  of  reactions  of  the  labile  chlorine  atom  and  of  active  phenoxy  and  dialkylamino  groups  in  analogous 
systems  (d -chlorovinyl  ketones,  d-phenoxyvinyl  ketones  and  d-dialkylaminovinyl  ketones).  The  lability  of  the 
carbon-sulfur  bond  in  aryl-d-acylvinyl  sulfides  is  also  demonstrated  by  the  hydrolysis  of  the  latter  with  forma¬ 
tion  of  thiophenol  on  heating  with  water  both  in  an  acidic  and  in  an  alkaline  medium. 

Furtfier  study  of  the  reactions  of  the  compounds  that  we  synthesized  is  now  in  progress  and  is  of  great  in¬ 
terest  for  the  syntfiesis  of  new  types  of  sulfur- containing  unsaturated  compounds. 

EXPERIMENTAL 

Phenyl- d-acetylvinyl  sulfide.  29  g  thiophenol  was  dissolved  in  aqueous  alkali  (13  g  sodium  hydroxide  in 
26  ml  water),  another  26  ml  water  was  added,  and  27.4  g  methyl- d -chlorovinyl  ketone  was  added  to  the  solution 
with  stirring.  The  mixture  was  stirred  5  hours,  the  top  oily  layer  was  separated  and  the  aqueous  layer  extracted 
with  ether.  The  extracts  were  combined  with  the  main  portion  of  product,  washed  with  l^o  sodium  hydroxide 
solution  and  then  widi  water,  and  dried  over  sodium  sulfate:  the  ether  was  driven  off  and  the  residue  distilled  in 
vacuum  to  give  26  g  (SS^o)  substance  with  b.p.  126-129^  at  2  mm;  it  crystallized  completely  on  standing;  m.p. 
3(r. 


Found ‘5b:  C  67.54,  67.33;  H  5.93,  5.85;  S  18.02,  17.87.  CioHioOS.  Calculated  7o:  C  67.36;  H  5.65;  S  17.99. 

Colorless  crystals,  soluble  in  etfier,  chloroform,  acetone  and  alcohol;  stable  when  stored. 

2,  4-Dinitrofrfienylhydrazone.  To  a  solution  of  0.5  g  dinitrophenylhydrazine  in  alcohol  acidified  with  con¬ 
centrated  sulfuric  acid  was  added  0.4  g  of  the  substance.  The  precipitate  was  filtered  off,  washed  with  alcohol, 
dried  and  recrystallized  from  alcohol.  Yield  0.95  g;  red  crystals  with  m.p.  136-138*. 

Found  N  15.39,  15.23.  C16H14O4N4S.  Calculated  <7o:  N  15.55 
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Phenyl  -t3  -benzoylvlnyl  sulfide.  Similarly  prepared  from  11.5  g  thiophenol  and  16.6  g  phenyl- 6- chlo- 
rovinyl  ketone.  The  yellow  crystals  were  filtered,  dried  and  recrystallized  from  llgroln'  .  Yield  24  g  (100^) 
of  yellowish,  fine  needles  with  m.p.  79.5-80.5*. 

Found 'yo:  C  75.43,  75.42;  H  5.24,  5.17.  CjsHbOS.  Calculated  <^1):  C  75.00;  H  5.36, 

Phenyl-  B  -butyroylvinyl  sulfide.  Similarly  prepared  from  8.1  g  diiophenol  and  10.1  g  propyl- 8 -chloro- 
vinyl  ketone,  using  2^  aqueous  solution  of  sodium  hydroxide.  Working-up  in  the  usual  manner  and  distillation 
in  vacuum  gave  13.5  g  of  a  yellowish  oil  which  was  stable  in  storage. 

B.p.  126-128*  (1  mm),  n”  1.5922,  dj®  1.0740,  MRp65.01;  calculated  61.64;  EMR^  3.37. 

Found  Vo:  C  69.46,  69.50;  H  6.92  ,  7.05.  CbHmOS.  Calculated  C  69.85;  H  6.84. 

p-Tolyl-6  -acetylvinyl  sulfide.  Similarly  prepared  from  25.6  g  p-thiocresol  and  20.5  g  methyl-0 -chloro- 
vinyl  ketone.  The  resultant  precipitate  was  filtered,  washed  with  water  and  dried  in  vacuum  over  calcium  chlo¬ 
ride.  Yield  37  g  (lOOVo);  recrystallization  from  ligroin  gave  colorless  crystals  with  m.p.  60.5-61.5*. 

Found  Vo:  C  68.59,  68.49;  H  6.55,  6.47.  CuH^OS.  Calculated  Vo:  C  68.69;  H  6.29. 

p-Tolyl-0  -benzoylvlnyl  sulfide.  Similarly  prepared  from  7.8  g  p-thiocresol  and  10  g  phenyl- 1-chloro- 
vinyl  ketone.  Working-up  in  the  usual  fashion  gave  18.3  g  (100%)  of  substance;  recrystallization  from  ligroin 
gave  yellowish  crystals  witfi  m.p.  85.5-86.5*. 

Found  %:  75.23,  75.43;  H  5.74,  5.73.  CajH^OS.  Calculated  %;  C  75.63;  H  5.55. 

p-Nitrophenyl-0  -benzoylvlnyl  sulfide.  Similarly  prepared  from  4.7  g  p-nitrophenol  and  5.3  g  phenyl-0 - 
chlorovinyl  ketone.  Wori(ing-up  in  the  usual  manner  and  recrystallization  from  alcohol  gave  8.5  g  (100%)  of 
substance  in  the  form  of  yellow  needles  with  m.p.  138-138.5*. 

Found  %:  C  62.99,  63.15;  H  4.16,  4.16.  CigHuO^NS.  Calculated  %:  C  63.13;  H  3.89. 

Reaction  of  p-tolyl-0- benzoylvlnyl  sulfide  with  hydroxylamine.  To  a  solution  of  12.7  g  p-tolyl-0-benz- 
oylvinyl  sulfide  in  150  ml  methanol  was  gradually  added  4.2  g  hydroxylamine  hydrochloride  in  50  ml  methanol. 
The  mixture  was  heated  on  a  water  bath  for  8  hours,  left  overnight  and  then  pouted  into  water. 

The  separated  oil  was  extracted  with  ether,  the  extracts  were  dried  over  magnesium  sulfate,  the  ether 
was  driven  off  and  the  residue  was  distilled  in  vacuum.  Yield  3.5  g  (48%)  of  phenylisoxazole  with  the  following 
constants:  b.p.  81-83’  at  1  mm,  n^  1.5822,  d*®  1.1370,  MR^  42.61;  calculated  42.61. 

Literature  data  for  phenylisoxazole  [12]:  b.p.  156-158*  at  25  mm. 

Treatment  of  the  product  with  sodium  alkoxide  by  the  Claisen  procedure  [13]  resulted  in  formation  from 
1.73  g  of  phenylisoxazole  of  0.98  g  u>-cyanoacetophenone  widi  m.p.  7Gr,  equivalent  to  an  a -isomer  content 
of  57%. 

Hydrolysis  of  p-tolyl-0 -acetylvinyl  sulfide  in  an  acid  medium.  1.5  g  of  p-tolyl-0 -acetylvinyl  sulfide  was 
heated  on  a  water  badi  for  24  hours  with  50  ml  20%  aqueous  sodium  hydroxide  solution.  After  steam  distillation, 
1.1  g  of  the  characteristic  yellow  precipitate  of  lead  thiophenate  was  isolated  from  the  distillate. 

SUMMARY 

1.  A  method  was  developed  for  the  syndiesis  of  previous ly  unknown  aryl"0-acylvinyl  sulfides;  the  latter 
were  obtained  in  high  yields  by  reaction  of  0 -chlorovinyl  ketones  with  thiophenols  in  an  alkaline  medium. 

2.  Some  reactions  of  these  compounds  were  investigated  and  showed  their  close  similarity  to  other  0 -sub¬ 
stituted  vinyl  ketones. 
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SOME  fl-AMINO  ACIDS  OF  THE  THIOPHENE  SERIES 

V.  P.  Mamaev  and  T.  D.  Rubina 


The  study  of  0 -amino  acids  of  the  heterocyclic  series  has  been  neglected  due  to  their  difficult  accessibility: 
definite  interest  is  therefore  attached  to  die  preparation  of  these  acids  and  their  derivatives.  It  is  known  that 
one  of  the  most  general  as  well  as  one  of  the  simplest  methods  of  synthesis  of  0 -amino  acids  is  the  method  of 
V.  M.  Rodionov,  based  on  the  reaction  of  aldehydes  with  malonic  acid  in  presence  of  alcoholic  ammonia  [1]. 
Subsequently  it  was  established  that  higher  yields  of  0  -  aryl- 0 -amino  acids  are  obtained  if  the  ammonia  is  re¬ 
placed  by  ammonium  acetate  [2].  The  most  readily  accessible  of  the  0 -amino  acids  of  the  heterocyclic  series 
was  found  to  be  0- (2- thienyl)- 0- am inopropionic  acid.  The  latter  is  easily  prepared  by  Rodinov's  method  start¬ 
ing  from  a -thiophenealdehyde  [3], 

In  the  present  work  we  applied  this  method  to  die  synthesis  of  0- (3- thienyl)- 0-aminopropionic  (I)  and  0- 
(2-ethyl-5-thienyl)-0-aminopropionic  acid  (II)  from  0 -thiophenealdehyde  (III)  and  2-ethyl-5-thiophenealdehyde 
(IV)  respectively.  Apart  from  the  0 -amino  acids,  0 -(3-thienyl)- acrylic  and  0 -(2-ethyl- 5- thienyl)- acrylic  (VI) 
acids  were  isolated.  In  both  cases  we  conducted  the  reaction  of  the  aldehydes  with  malonic  acid  in  presence  of 
ammonium  acetate,  previous  work  [3]  having  established  that  the  maximum  yield  of  0 -amino  acid  is  obtained 
under  these  conditions.  ' 

* 

It  is  necessary  to  point  out  that  the  formation  of  0 -amino  acid  from  0 -thiophenealdehyde  goes  widi  greater 
facility  than  from  a -thiophenealdehyde.  The  reaction  period  in  the  former  case  is  shorter  and  the  yield  of  0- 
amino  acid  higher  (6  hours  instead  of  10  hours;  yields  54.7  and  42.7%).  It  is  interesting  to  compare  this  observa¬ 
tion  with  the  report  in  the  literature  that  0 -diiophenecarboxylic  acid  amide  is  readily  transformed  into  amine 
by  Hofmann's  method,  whereas  a -thiophenecarboxylic  acid  amide  does  not  form  an  amine  under  these  condi¬ 
tions  [4].  Substituents  in  the  0  -position  of  the  thiophene  ring  in  some  cases  evidently  possess  greater  reactivity 
than  substituents  in  the  a -position. 

The  starting  aldehydes  were  synthesized  in  the  following  manner:  2-ethyl-5-thiophenealdehyde  was  ob¬ 
tained  by  formylation  of  a -ethylthiophene  with  N-methylformanilide  in  presence  of  phosphoms  oxychloride  [5], 
while  0- thiophenealdehyde  was  prepared  from  0 -methylthiophene  by  bromination  of  the  latter  with  N-bromo- 
succinimide  to  3-bromomethylthiophene  followed  by  transformation  of  the-CHjBr  group  into  the  aldehyde  group 
[6].  We  prepared  0 -methylthiq)hene  from  a  -bromopropionic  ester  and  cyanoacetic  ester  by  the  method  pre¬ 
viously  described  [7], 

The  bensioyl  derivatives  were  prepared  for  the  purpose  of  characterization  of  the  synthesized  0 -amino 
acids.  We  expected  to  obtain  the  corresponding  0-ureido  acid  by  heating  an  aqueous  solution  of  0-(3-thienyl)- 
0- am  inopropionic  acid  with  urea;  judging,  however,  by  the  analysis  and  the  high  melting  point  (248*)  the  pro¬ 
duct  formed  is  6- (3 ‘-thienyl)- 2,  4-dioxohexahydropyrimidone  (VII),  i.e,  under  the  experimental  conditions  the 
ureido  acid  formed  (VIII)  loses  a  molecule  of  water  and  is  transformed  into  a  derivative  of  dihydrouracil. 

EXPERIMENTAL 

0 -(3- Thienyl)- 0-aminopropionic  acid  (I).  A  solution  of  1.12  g  0  -  thiophenealdehyde ,  1.06  g  malonic 
acid  and  1.59  g  ammonium  acetate  in  2.2  ml  alcohol  was  boiled  on  a  water  bath  for  6  hours.  After  cooling,  the 
0 -amino  acid  was  filtered  off  and  washed  first  with  warm  alcohol  and  then  with  ether.  Yield  0.92  g  (54.7%); 
m.p.  201.5-202*  (with  decomp.).  Dilution  of  die  alcoholic  filtrate  with  water  led  to  separation  of  0 -(3-thienyl)- 
acryllc  acid.  Yield  0.14  g  (10.6%).  M.p.  149-150*  (from  aqueous  alcohol). 
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R-CHO 

(III)  (IV) 


CH,(COOH), 

CHiCboN)?? 


r_CH— CHi— COOH  -+-  R— CH-CH— COOH 

I 

NH2 


(I)  (II) 


(V)  (VI) 


R-CH-CH2-COOH  R-CH-CH2-CO 


NH— CO-NH2 
(Viin 


NH-CO— NH 

(VII) 


For  I,  III,  V  and  VIII  R  =  3*thienyl-;  for  II,  IV  and  VI  R==2-ethyl-5- 
thienyl- . 


Found  ‘’h  C  54.64  ,  54.75;  H  3.75,  3.88.  Calculated  ^o:  C  54.53;  H  3.92. 

The  6 -amino  acid  was  purified  by  dissolving  0.1  g  in  4.5  ml  water  to  which  was  added  2  drops  of  concen¬ 
trated  hydrochloric  acid.  The  solution  was  evaporated  to  dryness  on  a  water  bath.  The  residue  was  dissolved  in 
a  small  quantity  of  hot  alcohol  and  the  hydrochloride  of  the  6 -amino  acid  was  then  brought  down  with  ether. 

The  8 -amino  acid  was  precipitated  from  the  aqueous  solution  of  the  pure  hydrochloride  by  a  saturated  solution 
of  sodium  acetate.  M.p.  203*  (with  decomp. ). 

Found  N  8.39,  8.49.  CtHsO^NS.  Calculated  <^0:  N  8.19. 

Hydrochloride;  m.p.  187.5-188*  (with  decomp.). 

Found  N  6.68,  6.78.  CtHioO^NSCI.  Calculated  N  6.75. 

N-Benzoyl-8  -(3-thienyl)-6  -aminopropionic  acid.  To  an  aqueous  solution  of  0.1  g  of  the  8 -amino  acid 
was  added  (with  cooling)  1  ml  of  lOPjo  sodium  hydroxide  solution  and  then  0.1  ml  benzoyl  chloride.  The  mixture 
was  stirred  2  hours,  filtered  and  acidified;  the  precipitate  was  separated  and  washed  with  water.  Yield  of  benzoyl 
derivative  0.09  g  (66.6‘^4)).  M.  p.  188-188.5*  (from  water). 

Found  N  5.09,  4.98.  Ci^HuOjNS.  Calculated  N  5.09. 

6-(3*7Thienyl)-2,  4-dioxohexahydropyrimidine  [6-(3'-tfiienyl)-dihydrouracil].  A  solution  of  0.35  g  8-(3- 
thienyl)-6-aminopropionic  acid  and  1,62  g  urea  in  8.2  ml  water  was  heated  17  hours  on  a  water  bath.  After 
cooling,  the  solution  was  filtered  and  treated  with  ether  for  removal  of  impurities.  The  aqueous  layer  was  acid¬ 
ified:  after  standing  for  many  days  a  light  brown  precipitate  came  down.  Yield  0.29  g,  m.p.  248*  (from  aqueous 
alcohol). 

Found  N  14.39,  14.53.  CgHjO^NiS.  Calculated  %  N  14.35 

8-(2-Ethyl-5-thienyl)-8-aminopropionic  acid  (II).  A  mixture  of  6.25  g  2-ethyl-5-thiophenealdehyde, 

4.75  g  malonic  acid,  7.2  g  ammonium  acetate  and  10  ml  alcohol  was  heated  on  a  water  bath  for  5  hours;  a 
further  9.2  g  ammonium  acetate  was  then  added  and  the  heating  continued  for  another  9  hours.  The  precipitate 
of  8 -amino  acid,  separating  after  cooling  and  prolonged  standing,  was  filtered  and  washed  with  alcohol  and  ether. 
Yield  2.7  g  (30.4'7o);  m^).  196-197*  (with  decomp.).  After  purification  by  reprecipitation  (as  in  the  case  of  the 
preceding  amino  acid)  the  m.p.  was  198-199^  (with  decomp.). 

Found  C  54.56  ,  54.32;  H  6.46,  6.54;  N  6.88,  6.93.  CgHtjOiNS.  Calculated  ^o:  C  54.27;  H  6.53;  N  7.03. 

The  alcoholic  mother  liquor  was  diluted  with  water  and  a  resinous  mass  separated  out  and  was  distilled  with 
steam  to  remove  impurities.  The  oil  remaining  in  the  distillation  flask  crystallized  on  standing.  The  solid  was 
collected  and  recrystallized  first  from  iso-octane  and  then  from  dilute  acetic  acid.  Yellowish  crystals  with  m.p. 
97-99*. 


Found  C  59.71,  59.53;  H  5.85,  5.80.  CsHwOfeS.  Calculated  7o:  C  59.34;  H  5.49. 

N-Benzoyl-8-(2-ediyl-5-thienyl)-8-aminopropionic  acid  was  obtained  by  the  method  used  for  the  preced¬ 
ing  benzoyl  derivative.  M.p.  183-183.5*  (from  aqueous  alcohol). 
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Found N  4.79.  4.90.  Ci^IiyOiNS.  Calculated  N  4.62. 

SUMMARY 

V.  M.  Rodionov’s  method  was  used  for  the  synthesis  of  fl -(3-thienyl)-fl -aminoprc^ionic  acid  and  d-(2-ethyl- 
5-thienyl)-fl-aminopropionic  acid.  In  this  way  it  was  established  that  the  Rodionov  reaction  can  be  used  for  the 
preparation  of  d -amino  acids  of  the  thiophene  series. 
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THE  SYNTHESIS  OF  BRANCHED  ALIPHATIC  H  YD  ROC  A  RB  ON*S 
OF  COMPOSITION  Cio-Cig  BY  THE  GRIGNARD 
AND  GRIGNARD- WURTZ  REACTIONS 


A.  D.  Petrov,  V.  L.  SushchInsky,  E.  P.  Zakharov 
ahd  T.  I.  Rogozhnikova 


It  has  been  shown  In  previous  communications  [1]  that,  in  contrast  to  isobutyl  magnesium  halides,  isobutenyl 
magnesium  halides  react  with  esters  of  monobasic  and  dibasic  acids  in  the  normal  way.  In  a  continuation  of  this 
work,  we  have  established  in  the  present  study  that  a  halide  of  the  allyl  type  also  reacts  in  the  normal  way  even 
with  highly  branched  ketones,  as  can  be  seen  from  equations  1  and  2.  This  circumstance  makes  the  above  reac¬ 
tion  a  convenient  method  for  the  preparation  of  branched  hydrocarbons  with  one  or  two  quaternary  carbon  atoms. 


CO  C  OH  C 

1)  c-i-l:-c-c  +  Mf  +  ci-c— c=c  — *■  c-(!-c-c-c=c  c-d-c-c-c-c. 

it  ^  a  i  a  i 

/  \  /  \ 

c  c  c  c 

c  C'  O  C  C  OH 

2)  c-c-<!-^-c-c-c  +  m,  +  ci-c-c=c— .c-c-c-<i-c-c-c^c..c 

i  il  i  i  *”• 

c  c 

^  c-c-i-i  -c-c-c— c-^ 

ii  i  i 


In  the  same  communications  [1]  it  has  been  shown  that  whereas  a  symmetrical  chloride  with  two  adjacent 
quaternary  carbon  atoms  (2,2,  3-trimethyl-3-chlorobutane)  reacts  with  methylallyl  chloride  in  the  presence  of 
magnesium  (according  to  Yavorsky)  giving  low  yield  (6.5%),  its  asymmetric  analogs  react  with  allyl  halides  giving 
considerably  higher  yields  (20-35%). 


c  C  c  c 

3,  c-<!:  J:-cj  +  M,  +  ci-c-c=c  c-C-<l-c-c=c  (6ji%), 

u  ^  ^ 

c  c  C  C 

4)  c-c-i-ci  +  Mf +  ci-c-c=c— »-c-c-<Uc-c-o  (aoHk 

^  i  i  <i  4  <1 

<1 


c  c 
I  I 


c  c 


,  Cl  -c— c=c  — *■  c— c— c=c  I 


5)  c-c— i:-CI  +  M*  +  Cl  -C— C=C  —*■  C~C— C-C-C=C  (36%). 

d-c  d-c 

d  d 
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with  the  aim  of  finding  the  reason  for  this  interesting  phenomenon,  and  also  of  studying  the  influence  of 
the  nature  of  die  halide,  the  structure  of  the  radical,  and  the  conditions  of  the  condensation  (whether  carried 
out  according  to  Yavorsky  or  Grigiiard)  on  the  yields  of  tlie  aliphatic  hydrocarbons,  we  have  carried  out  in  the 
present  work  a  large  number  of  condensation  reactions,  represented  by  equations  6-23. 

Yavorsky’s  method  (the  condensation  of  saturated  alkyl  halides  with  unsaturated): 


6) 


7) 


») 


c  c  C  C 

c-c-d-ci  -I-  Mir  +  a-c-c=c  — c-c-c-c-c=c  (9%), 
c 


C  C  c  c 

c-c— d-ci  +  Mj  +  Cl— C-C=C  —*■  C-C-C-C-C=^C  (8%), 

U  ^  U  I 

<1 

c  c 


c  c 

u 

<1- 


Cl  -*•  Mr  CI-C-C=C  —*■  C-C-(!:-C— C=C  (5.3%). 


<!  <1 


<l-c 

<1 


Grignard's  method: 


c  c 


9)  C-i-C-CI  BrMtC-C-C-C  —*•  C 


n 

t? 

(i 


c 

10)  c-c-c-ici  +  ciMr-c-c-c 

(i  (I 

c 

It)  c-c-o-i-F  +  aMfC-c-c  - 

(i  d 


c  c 

-U- 

u 

d! 

d 


-C-C  (23%), 
C 


(8.9%), 


(24%). 


13) 


C  C 

C-C-C-d-Ci  +  BrMr-C-C-C-C  — >•  C-C-C-C-C-C-C-  C  (2%). 

d  d  d  d  d  d 


Yavorsky's  niethod  (the  condensation  of  two  saturated  alkyl  halides): 

c 

c— c— c— d-c— c-c  (traces) 

i  ^  ^ 

13)  C — C— C— My  *4-01— C — C— C  .  ^  ^ 

i  i  ^  5 

C-C-C-C-C-C-C-C  (5  % )  4-  C-C-C-C-OC,  H. . 

<!  i<!  i  i  I 

c 

c-c-c-c-c-c-c  (traces) 

/  d  d  d 

i4)  C-C  -C-C-CI  l^Mr+CIC-C-C. 

d  d  d  ^  ^  ^ 

c-c-c-c-c-c-c-c  (5%)  *-  Isobutyl  alcohol  +  2,4- 
d  d  d  d  dimethylpentenc-1, 


530 


(continued) 


c  c  c 

15)  2C-C-C-i:-CI  +  Mj  — ►  C-C-C-d-tl-C-C-C  (6\), 

<!  <!  i  <!<!  i 

c  c  c 

16)  2C-C-C-<!-P  +  Mj  — *•  C-C-C-i-t-C-C-C  (18%). 

i  <i  d 


Yavorsky's  method  (the  condensation  of  saturated  alklyl  halides  witli  unsaturated): 


17)  C-C— C— 1:-CI  +  Mg  +  CIC-C=C  — *•  C-C— C— (!-C-C=C  (23%)  • 

^  c  d 

c  c 

18)  C-C-C-C— C-Cl  +  M*  +  C1C-C=C  —*■  C-C-C-C-C-C-C^  (10.5%), 

<1  c 

c  c 

(19)  C-C-C-i-Cl  +  Mg  +  C1C-C=C  — >  C-C-C-([-C-C=C  (8%), 

<!:  c 


20)  C-C-C-C-C-CI  +  Mg  +  CIC-C=C  — >  C 


-C-C-C-<l-C-r-C=C 

cl  <1 


21)  c— <!:-CI  +  Mg  +  C1C-C=C  C-(!-C-C=C  (3%),** 

ci  d 

c  c  c  c 

22)  C-C-C-F  Mg  -t-  CIC-C=C  — *•  C— (:-i-0-C=C  (10.3%),*** 

(1(1  (1(1 

c  c  c  c 

23)  C-C-C-F  +  Mg  4-  C1C-C=C  — *  C-C:-C-C-C=C  (42%). 

(I  (I  (I  (I  (I  (: 

(I  (I 

(I  ^ 


•  Yield  3  times  greater  than  by  the  Grignard  reaction  (no.  10). 

c  c 

•*  C— <!:MgCI  4  CIC-Cr=C  —¥  C-(I-C-C=C  (85%). 

(I  (I 

c  c  c  c 

c-d  -c:ci  4-  Mg  4-  CIC-C=C  C-c!-(!-C-C=C  (3.0%). 


531 


Examination  of  the  data  given  leads  to  the  following  conclusions.  A  comparison  of  reactions  10  and  11, 

15  and  16,  22  and  3,  23  and  4  leads  to  tlie  conclusion  that  the  condensation  of  allyl  halides  with  different  tertiary 
fluorides  gives  yields  which  arc  3  times  greater  than  those  obtained  using  the  corresponding  chlorides.  The  higher 
yields  in  the  case  of  the  fluorides  are  evidently  explained  for  the  most  part  by  their  greater  activity,  which  re¬ 
sults  from  the  fact  that  the  energy  of  the  C-F  bond  equals  102  cal.,  whereas  the  energy  of  the  C-Cl  bond  equals 
78  cal. 

The  caracterization  of  the  nature  of  the  influence  of  the  structure  of  the  reacting  radicals  on  the  yields  is 
a  more  difficult  problem.  The  inductive  effect  undoubtedly  plays  a  certain  part  in  this  (the  gradual  increase  in 
die  yields  in  reactions  6,4,  5,  and  also  in  19,  18  and  17).  The  sudden  fall  in  yield  in  reactions  8  and  20,  and 
the  maximum  values  of  the  yields  in  reactions  5  and  17,  however,  lead  to  the  suggestion  that  the  presence  of 
conjugated  simple  bonds  in  the  saturated  tertiary  alkyl  halide,  or,  in  other  words,  the  presence  of  a  polarization, 
between  carbon  atoms  3  and  4  as  a  result  of  the  structure,  has  a  certain  influence  on  the  raising  of  the  yields. 

It  seems  to  us  that  the  high  yield  in  the  case  of  the  isobutyl  radical  is  explained  by  the  mobility  of  the 
chlorine  atom,  which  is  caused  by  the  coincidence  of  the  inductive  effects  of  the  chlorine  and  the  two  methyl 
groups.  With  the  propyl  radical  we  have  the  influence  of  only  one  methyl  group,  and  in  the  isoamyl  radical  the 
methyl  groups  are  too  far  from  the  chlorine  to  strengthen  the  inductive  effect  of  the  latter. 

When  <j,  o -conjugation  is  present  in  the  saturated  halides  their  reactivity,  as  can  be  seen  from  the  data 
given,  is  close  to  the  reactivity  of  the  halides  with  o  ,  tr -conjugation.  When  condensations  by  the  Grignard  and 
Yavorsky  methods  are  compared  we  see  that  in  some  reactions  (see  10  and  13)  the  first  is  preferable  and  in  other 
cases  the  second. 

It  is  interesting  to  note  that  it  is  possible  to  condense  2-chloro-2,  4-dimethy4>entane  into  a  hydrocarbon 
witfi  two  adjacent  quaternary  carbon  atoms  and  that  this  can  be  done  with  a  yield  twice  as  great  as  in  the  case 
of  tert-butyl  chloride  (as  is  known,  Levina  [2]  was  not  able  to  carry  out  the  condensation  of  2-chloro-2,  4-dimeth- 
ylpentene-3  because  of  the  quantitative  removal  of  hydrogen  chloride  from  this  halide).  It  should  be  noted  that 
the  condensation,  conditionally  called  Yavorsky  condensation  (i.e.  the  simultaneous  pouring  on  to  magnesium), 
of  two  different  saturated  alkyl  halides  usually  takes  place  anomalously  (see  13  and  14). 

EXPERIMENTAL 

In  the  present  work  we  do  not  give  the  course  of  the  synthesis,  since  this  has  been  described  earlier  [1,3 
etc.].  We  give  here  only  a  short  outline  of  the  synthesis  of  each  hydrocarbon  with  the  percentage  yield  and  the 
properties  of  the  compounds  obtained  (including  the  intermediate  products).  The  starting  materials  were  taken 
in  such  amount  that  0.5-1  mole  of  reagent  was  obtained  for  the  last  main  reaction.  The  sequence  of  the  descrip¬ 
tion  corresponds  to  the  arrangement  of  tlie  reactions  in  the  general  part.* 

1.  2,2,  5-Trimethyl-3-isopropylhexane.  Reagents;  tert-butyl  chloride,  magnesium  and  isobutyryl  chloride, 
isol'Utenyl  chloride  and  magnesium;  hydrogen  (hydrogenation  over  nickel);  sodium  acetate  and  acetic  anhy¬ 
dride  (dehydration);  hydrogen  (hydrogenation  over  palladium). 

Intermediate  compounds,  a)  2,  4,  4-Trimethylpentanone-3.  Yield  63.5‘7(>:  b.p.  134-136*  (745  mm),  n^ 

l. 4047,  d5*  0.8052;  oxlrn^ m7pTl3^14^.~  A^rding  to  [4]:  b.p.  134-135*.  n“  1.40513,  dj®  0.8054;  oxime, 

m. p.  139-140"  [5]. 

b) _2#  5,  5- Trimethyl-4- isopropylhexene-l-ol- 4.  Yield  61.5%.  Not  described  in  the  literature.  B.p.  80.9* 
(12  mmh^  1.4590,  dj®  0.8654,  MR^  58.22;  calc.  58.67. 

Found  %:  C78.ll;  H  13.16.  C,2H240.  Calculated  %:  C  78.08;  H  13.21. 

c)  2,  2,  5-Trimethyl-3-isopropylhexanol-3.  Not  described  in  the  literature.  B.p.  65.6-66.5*  (2  mm),  n^ 
1.4506,  d5®  d.8552:*  MRp  58762;  calc.  59.14. 

Found  %:  C  77.38;  H  14.13.  C^HisO.  Calculated  %:  C  77.42;  H  14.09. 


•  In  the  experimental  part  Roman  numerals  are  used  to  denote  those  reactions  which  in  the  general  part  are  de¬ 
noted  by  Arabic  numerals.  Here,  moreover,  only  those  reactions  which  have  not  been  discussed  up  to  the  present 
are  considered. 

•  *  As  in  original  —  Publisher’s  note. 
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d)  2.  2,  5-Trlmethyl-3-isopropylhexene-3.  Not  described  In  the  literature.  B.p.  49*  (6  mm),  1.4432, 
d5®  0.7'806,  MRd  57.18;  calc.~5~7.14. 

Found  'lo:  C  85.37;  H  14.45.  CbHi4.  Calculated  <55>:  C  85.64;  H  14.37. 

Products  of  oxidation  (by  KMn04  in  aqueous  medium).  2,  2,  4-Trimethylpentanone-3.  B.p.  133-136* 

(745  mm),  t^i.4047,  64®^ 0.8052,  oxime,  m.p.  138-14Cr  (from  alcohol).  Literature  data  [4,  5]:  b.p.  134-135*, 
n”  1.40513,^®  0.8054;  oxime,  m.p.  139-140*. 

Isobutyric  acid,  b.p.  152-155*  (748  mm);  anilide,  m4).  104-105*  (from  alcohol).  According  to  [6]:  melt¬ 
ing  point  of  anilide  105*. 

2,  2,  5 -Trimethyl- 3- is opropylliexane.  Not  described  in  die  literature.  Yield  89%;  b.p.  182.6*  (749  mm), 
n^  1.4294,  df~0.7669,  MR^  57.30;  calc.  57.60. 

Found  %;  C  84.70;  H  15.18.  CijHj,’.  Calculated  %:  C  84.71;  H  15.29. 

Raman  spectrum  X  (crn'l);  252  (2);  317  (1);  440  (3);  476  (2);  500  (1);  534  (4);  595  (2  broad);  640  (2); 

695  (3);  762  (4);  798  (l)r830  (6h  890  (0);  927  (4  broad);  956  (4  sharp);  1006  (3);  1039  (3  broad);  1081  (1);  1117 
(3  broad);  1175  (2);  1196  (2);  1219  (3);  1237  (2  broad);  1256  (2);  1313  (4);  1354  (3  broad);  1396  (1);  1453  (10); 

1472  (10). 

II.  2,  4,  6,  6,  7,  7-Hexamethylnonane.  Reagents;  ethyl  bromide,  acetone  and  Mg,  dry  HCl,  Mg  and  mes¬ 
ityl  oxide.  Mg  and  isobutenyl  chloride,  CHsCOONa  and  (CHsCO)*©  (dehydration);  H2  (hydrogenation  over  Ni); 

Hj  (hydrogenation  over  Pd). 

Intermediate  compounds,  ‘a)  2  Methylbutanol-2.  Yield  64%;  b.p.  100,5-101*  (750  mm),  n|^  1.4056,  dj* 
0.8087;  according  to  [7.  8):  b.p.  102*;  n^fl.4652,  dJHi.SOO. 

b)  2-Methyl-2-chlorobutane.  Yield  81%;  b.p.  85.7*,  np  1.4069,  d*®  0.8706;  according  to  [8]:  b.p.  86*, 
nJJ  1.407,  d'5®  0.8692. 

c)  4,  4,  5,  5-Tetramethylheptanone-2.  Yield  5%;  b.p.  120.5*  (36  mm),  n”  1.4702,  dj®  0.8969,  MRp  52.98; 
calc.  53.01.  2, 4-Dinitrophenylhydrazone,  m.p.  114*;  according  to  [9]:  b^).  118-120*  (35  mm),  n^  1.4620-1.4625; 
2,  4-dinitrophenyIhydrazone,  m.p.  114*. 

Found  %:  C  77.60;  H  13.10.  CnHzjO.  CalcuUted  %:  C  77.58;  H  13.03. 

d)  2,  4,  6,  6.  7,  7-Hexamethylnonene-l-ol-4.  Yield  50%.  Not  described  in  the  literature.  B.p.  100-102^ 

(2  mm^rnj^  Y.dMsTdr'^  06227  MR^  77.73;  calc .  72.52. 

Found  %:  C  79.43;  II  13.42.  CisHjjO.  Calculated  %:  C  79.57;  H  13.36. 

e)  2,  4,  6,  6,  7,  7-Hexamethylnonadiene-l,  ^  Yield  82.5%.  Not  described  in  the  literature.  B.p.  78* 

(2  mmYoo  1.477 0.8323,  MRp  70.53;~calc.  70.8. 

Found  %:  C  86.42;  86.48;  H  13.52,  13.58.  CisHjg.  Calculated  %:  C  86.47;  H  13.53. 

Products  of  oxidation  (by  KMn04  in  aqueous  medium):  4,  4,  5,  5-tetramethylheptanone-2;  2,  4-dinitro- 
phenyDiydrazone,  m.p.  114*. 

Found  %:  N  16.08,  16.06.  Ci7H2604N4.  Calculated  %:  N  15.99;  formic  acid  (b.p.  98-106*,  precipitate 
of  mercurous  chloride  from  mercuric  chloride  solution);  pyruvic  acid  (m.p.  13-14*,  n^  1,4342,  d^®  1.2660;  silver 
salt). 

Found  %:  Ag  56.06  ,  55.92.  CaHsOjAg.  Calculated  %:  Ag  55.34;  2,  4-dInitrophenylhydrazone,  m.p.  216- 

218*. 

Found  %:  N  21.12,  21.02.  C9H,08N4.  Calculated  %;  N  20.89. 

Literature  data  [10,  11];  melting  point  of  pyruvic  acid  13.6*,  n^  1.4302,  d^  1.267;  2,  4-dinitrophenylhy- 
drazone,  m.p.  218*. 

0  2,4,  6,  6,  7,  7-Hexamethylnonene-3.  B.  p.  97.5*  (11  mm),  n”  1.4551,  d^®  0.8169,  MRp  70.90;  calc. 

69.27. 
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Found  <5fc:  C  85.55,  85.66;  H  14.61,  14.99.  CbH,,.  Calculated  '5b:  C  85.63;  H  14.37. 

Products  of  oxidation  (by  KMn04  In  aqueous  medium):  4,  4,  5,  5-tetramethyBieptanone-2  [b.p.  122-124* 

(42  mm);  2,  4-dinitrophenylhydrazone,  m.p.  114*];  isobutyric  acid  (b.p.  153-156*;  anilide,  m.p.  104-105*). 

2,  4,  6,  6,  7,  7-Hexamethylnonane.  Not  described  in  the  literature.  B.  p.  94-94.6*  (16  mm),  1.4510, 
d**  0.8'W8~  MRp  71.24;  calc.  71.27. 

Found  <5^:  C  84.52,  84.34;  H  15.00,  15.16.  CjsH,!.  Calculated  C  84.91;  H  15.09. 

VI.  4,  5,  5-Trlmethyl-4-ethylhexene-l.  Reagents;  etfiyl  bromide,  magnesium  and  pinacolone;  dry  HCl: 
allyl  chloride  and  Mg. 

Intermediate  compounds,  a)  2,  2,  3-Trimethylpentanol-3.  Yield  4e“^;  b.p.  67.8-68.9*  (33.5  mm),  n^ 
1.4352,  dj^  0.8310.  According  to  [12];  yield  38«^;  b.p.  68-7Cr  (35  mm),  n|5  1.4352. 

b)  3-Chloro-2,  2,  3-trlmethylpentane.  Not  described  in  tfie  literature.  Yield  77.7%;  b.p.  70.5-71*  (40  mm) 
n?)  1.4445.'d^  0.9069,  MRp  43.64;  calc.  44”oi. 

Found  %:  Cl  24.12,  24.16.  C,HitC1.  Calculated  %:  Cl  23.85. 

4,5,  5-Trlmethyl-4  ethylhexene-1.  Not  described  in  die  literature.  Yield  8.9%;  b.p.  5Sr  (12  mm),  np 
1.44037^’  a7834,’MRp  52.23;  calc.  52.53. 

Found  %:  C  85.41,  85.36;  H  14.34,  14.42.  CuH^.  Calculated  %:  C  85.62;  H  14.38. 

Hydrogenated  to  2,  2,  3-trimethyl-3-ethylhexane.  Not  described  in  the  literature.  Yield  90%;  b.p.  176.5- 
177*  (739  mm):  freezing  point “110*  (glass),  np  1.4386,  d*®  0.7786,  MRp  53.12;  calc.  53.00. 

Found  %;  C  83.69,  83:81;  H  15.67,  15.40.  CuHj4.  Calculated  %:  C  84.55;  H  15.45. 

VII.  2,4,5,  5-Tetramethyl-4-ethylhexene-l.  Not  described  in  the  literature.  Reagents;  3-chloro-2, 

2,  3-trimethylpentane  (see  previous  synthesis),  isobutenyl  chloride  and  magnesium.  Yield  8%. 

B.  p.  71*  (7  mm),  nJJ  1.4513,  df  0.8011,  MRp  56.61;  calc.  57.15. 

Found  %:  C  85.66,  85.59;  H  14.32,  14.40.  CBH24.  Calculated  %:  C  85.62;  H  14.38. 

Hydrogenated  over  Ni  to  2,  2,  3,  5-tetramediyl-3-edTylhexane.  Not  described  in  the  literature.  B.  p. 
192.5-193*  (750  mm);  freezing  point -108*  (glass),^  1.4405,  di®~b.7862,  MRp  57.17;  calc.  57.62. 

Found  %:  C  83.74  ,  83.92;  H  15.69,  15.45.  CoHi,.  Calculated  %:  C  84.61;  H  15.39. 

Raman  spectrum  X  (cm‘^);  250  (3);  290  (2  broad);  668  (4);  700  (2);  736  (2);  838  (4);  845  (4);  890  (3):  927 
(4);  964  (2  broad);  996  (1);  1030  (4  broad);  lllO  (3  broad);  1198  (1);  1228  (4);  1308  (1):  1352  (2);  1456  (6  broad); 
1470  (5  broad). 

VIII.  4,  7-Dimethyl-4-tert-butyloctene-l.  Reagents;  isopropyl  bromide,  ethylene  oxide  and  magnesium; 
40‘7(  hydrobromic  acid  and  H2SO4  (d  1.84);  pinacolone  and  Mg;  dry  HCl;  allyl  chloride  and  Mg. 

Intermediate  compounds,  a)  3-Methylbutanol-l.  Yield  52%;  b.p.  130-131*  (747  mm),  np  1.4058,  d*® 
0.8138. 

b)  Isoamyl  bromide.  Yield  50%;  b.p,  42.5*  (45  mm),  Op  1.4410,  d*®  1.2088,  MRp  33.06;  calc.  33.00. 

c)  2,2,3,  6-Tetramethylheptanol-3,  Yield  52%;  b.p.  69.2-71.3*  (3  mm),  n??  1.4387,  d*®  0,8506,  MR^ 
53.25:  calc.  54.52. 

Found  %:  C  76.42,  76.58;  H  14.01,  14.06.  C11H24O.  Calculated  %:  C  76.67;  H  14.04. 

d)  3-Chloro-2,  2,  3,  6-tetramethylheptane.  Not  described  in  the  literature.  Yield  51%;  b.p,  62.6-63* 

(3  mm),  n^~1.4468,  d$®  0.8841,  MRp  57.62;  calc.  57.87. 

Found  %:  C  18.12,  18.27.  CaH2jCl.  Calculated  %:  Cl  18.59. 

4,  7-DimethvI-4-tert-butyloctene-l.  Not  described  in  the  literature.  Yield  5.3%;  b,p.  57-58*  (2  mm), 
n|5  1.4370,  d^®  0.7760;  MRp  66.52;  calc.  66.39. 
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Found  %  C  85.38,  85.46;  H  14.16,  14.39.  Calculated  %  C  85.62;  H  14.38. 

Hydrogenated  over  NI  to  4,  7-dimethyl-4-tert-butyloctane.  Not  described  In  the  literature.  Yield  80^; 
b.p.  54*  (2  mm),  freezing  point— 110*  (glass),  n^  1.4316,  d*®  0.7704,  MRq  66.73;  calc.  66.85. 

Found  %  C  84.53  ,  84.60;  H  15.20,  15.29.  Ci^Hjo.  Calculated  C  84.75;  H  15.24. 

IX.  4,  7-Dimethyl-4-tert-butyloctene-2.  Reagents;  pinacolone,  allyl  chloride  and  Mg;  hydrodiloric 
acid  (  d  1.19);  isoamyl  bromide  and  Mg. 

Intermediate  compounds,  a)  4,  5,  5-Trimethylhexene-l-ol-4.  Yield  87.3‘5S»;  b4).  87*  (56  mm),  n”  1.4465, 
d*®  0.8562.  According  to  [3]:  b.p.  165- 17CP~n^l.4452;  according  to  [13]:  b.p.  168.4*;  1.4476,  df  ^85508. 

b)  4-Chloro-4,  5,  5-trlmethylhexene-2.  Yield  72‘5l>:  b.p.  42.7-43*  (3  mm),  Hp  1.4546,  dj*  0.9052,  MR^. 
48.09;  calc.  48.16.  Uterature  data  [3]:  b.p.  46-4r  (6  mm),  n”  1.4567,  dj®  0.9101. 

4,  7-Dlmethyl-4-tert-butyloctene-2.  Not  described  in  the  literature.  Yield  23‘lfc;  b.p.  70.4*  (35  mm), 
n”  1.4363,  dj®  0.7810,  MRp  66.68;  calc.  66.39. 

Found  “fc:  C  85.82:85.75;  H  14.22,  14.30.  CuH*.  Calculated*^.  C  85.63;  H  14.37. 

Oxidation'  products;  acetic  acid  (b.p.  108-113*,  ediyl  acetate  prepared);  the  acid  C]2H|40^  (boiling  point 
above  140°;  silver  salt:  found‘d:  Ag  36.02,  35.93.  CuHijO^Ag.  Calculated  Ag  35.12.  Anilide,  m.p.  13-15*. 
Found  N  5.12,  5.09.  CmH„ON.  Calculated  N  5.09). 

Hydrogenated  over  Ni  to  4,  7-Dlmethyl-4-tert-butyloctane  (see  previous  synthesis).  Yield  76^5^;  b.p.  8T 
(11  mm),  n”  1.4315,  d^®  0.7703,. M^  66.73;  calc.  66~85. 

Found  'U  C  84.51,  84.68;  H  15.28,  15.35.  Calculated  %;  C  84.76;  H  15.24. 

X.  2,  4,  4-Trlmethylheptane.  Reagents;  methyl  bromide.  Mg  and  methyl  isobutyl  ketone;  dry  HCl;  propyl 
chloride  and  Mg. 

Intermediate  compounds,  a)  2,  4-Dimethylpentanol-2.  Yield  76.6’/o;  b.p.  59.5*  (42.5  mm),  n^  1.4170, 
dj®  0.8119,  MRp  35.88;  calc.  36.05.  According  to  [13]:  b.p.  133*  (749  mm),  ng  1.4172,  dj®  0.8158. 

b)  2-Chloro-2,  4-dimethylpentane.  Yield  89^o:  b.p.  46*  (44  mm),  n^  1.4182,  dj®  0.8628,  MRp  39.32; 
calc.  39.39.  According  to  [14];  b.p.  33-34*  (20  mm),  np  1.4239. 

2.4,  4-Trimethylheptane.*  Yield  8.8  ;  b.p.  149.5*  (753  mm),  i/j®  1.4143,  dj®  0.7400,  MRp  48.08;  calc. 
48.18.  Literature  data  [15]:  b.p.  151-152*,  nJJ  1.4143,  dj®  0.7346. 

XII.  2,  4,  4,  7-Tetramethyloctane.  Reagents;  2-chloro-2,  4-dimethylpentane  (see  previous  synthesis), 
isoamyl  bromide  and  magnesium.  Yield  2.1*71. 

b.p.  183-184*  (750  mm),  ng  1.4232,  dj®  0.7540,  MRp  57.55;  calc.  57.62.  According  to  [17]:  b^).  67.5* 

(13  mm):  n”  1.4217.  dj®  0.7507. 


•  In  an  attempt  to  prepare  this  hydrocarbon  by  Yavorsky's  method  [16]  (pouring  a  mixture  of  propyl  chloride 
and  2-chloro-2,  4-dimethylpentane  on  to  magnesium),  only  traces  of  2,  4,  4-trimethylheptane  were  obtained. 

3  wo  fractions  were  obtained,  which  were  identified  as:  1)  ethyl  2,  4-dlmethylpentanyl-2  ether,  evidently  from 
the  reaction:  „„ 

CHj 

(CH3)2CHCH2(!:MgCl  CHsCHjOCHjCHa  (medium)  — * 


CH, 


CHn 


CHSCH2CI  -+•  (CH3)2CHCH2COCH2CH3 
CH3 
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XIV.  2,  4,  4,  6-Tetramethyloctane.  Reagents:  2-chloro-2,  4-dimethylpentane,  isobutyl  chloride  and 
magnesium.  The  reaction  was  carried  out  according  to  Yavorsky  [16].  The  product  of  the  normal  condensation— 
2,  4,  4,  6-tetramethloctane- was  obtained  in  negligible  quantities,  and  its  properties  were  not  determined. 

Products;  2,4,4,  5,5,  7-hexamethyloctane  (57o):  a  considerable  amount  of  2,  4-dimethylpentene-l 
(always  present  in  the  products  of  reaction  with  2-chloro-2,  4-dimethyIpentane)  and  isobutyl  alcohol. 

XV.  2,  4,  4,  5,  5,  7-Hexamethyloctane.  Reagents;  2-chloro-2,  4-dimethylpentane,  allyl  chloride  and 
magnesium.  Yield  6%.  Properties- see  the  synthesis  of  2,  4,  4- trimethylheptane ,  footnote. 

XVll.  4,4,  6-Trimetliylheptene- 1.  Not  described  in  the  literature.  Reagents;  2-chloro-2,  4-dimethyl¬ 
pentane,  allyl  chloride  and  magnesium.  Yield  23.37o. 

b.p.  139-140*  (737  mm),  nff  1.4220,  d*®  0.7543,  MRp  47.26;  calc.  47.91. 

Found  "/o;  C  85.25,  85.37;  H  14.68,  14.75.  CwHjo.  Calculated  C  85.62;  H  14.38. 

Hydrogenated  over  Ni  to  2,  4,  4- trimethylheptane.  B.p.  150*  (753  mm),  n^  1.4142,  d*®  0.7396.  Literatuie 
data  [15];  see  the  synthesis  of  2,  4,  4- trimethylheptane. 

XVIIl.  4,  4-Pimethyloctene-l.  Reagents;  butylchloride,  acetone  and  Mg;  dry  HCl;  allyl  chloride  and 

Mg. 

Intermediate  compounds,  a)  2-Methylhexanol-2.  Yield  63*70;  b.p.  69-7(f  (42.5  mm),  np  1.4168,  d^® 
0.8150,  MRp  35.84;  calc.  36.05.  According  to  [18];  b.p.  139.4-140.4*  (735  mm),  53-55*  (15  mm),  n^  1.4175, 
dj®  0.8119.^ 

b)  2-Chloro-2-methylhexane.  Yield  89'7o;  b.p.  59.5*  (52  mm),  1.4200,  d*®  0.8635,  MR^  39.46;  calc. 
39.39.  According  to  [19];  b.p.  76.2-76.4*  (103  mm),  nj^  1.4185. 

4,  4-Dimethyloctene-l.  Not  described  in  the  literature.  Yield  10.5*70;  b.p.  144*  (742  mm),  n^  1.4227, 
d5®  0.7447,  MRp  47.93;  calc.  47.91. 

Found  "Jo:  C  85.59,  85.56;  H  14.41,  14.48.  C10H20.  Calculated  "Jo:  C  85.62;  H  14.38. 

Hydrogenated  over  Ni  to  4,  4-dimethyloctane.  Not  described  in  the  literature.  Yield  dQPjo;  b.p.  155*  (753 
mm);  freezing  point  below— llO",  n^  1.4140,  d^  0.7347,  MRp  48.36;  calc.  48.38. 

Found  *7o;  C  84.38,  84.36;  H  15.62,  15.68.  C10H22.  Calculated  *7o:  C  84.40;  H  15.60. 

Raman  spectrum  X  (cm~^):  286  (2);  300  (4);  333  (1);  358  (2);  483  (3);  472  (0);  499  (3);  541  (1);  733  (3); 
757  (5);  786  (1);  878  (4  broad);  896  (4);  936  (4);  1042  (5);  1061  (2);  1078  (1);  1105  (5);  1192  (2  broad);  1219  (2); 
1269  (3  broad);  1317  (5);  1379  (5);  1440  (10);  1460  (5). 

Not  described  in  the  literature.  Yield  ll*7o:  b.p.  130-131*  (740  mm),  n*®  1.4150,  d^®  0.7888,  MR^  45.78; 
calc.  45.41.  Found  *7o;  ethoxy  groups  31.78;  31.82.  C9H20O.  Calculated  *%;  ethoxy  groups  31.24, 

2)  2,  4.  4,  5,  5,  7-Hexamethyloctane.  Not  described  in  the  literature.  Yield  5*7o;  b.p.  216-21T:  freezing 
point  +2*  (crystoT^  1.4446,  df  0.7902,  MR^  66.70;  calc.  66.85. 

Found  io:  C  84.60,  84.81;  H  15.01,  15.04.  C14H30.  Calculated  "Jo:  C  84.76;  H  15.24. 

Raman  spectrum  X  (em'^t);  697  (4);  823  (2);  936  (2  broad);  960  (4);  1173  (1);  1219  (3);  1236  (2). 


SUMMARY 


1.  It  has  been  shown  that  isohiitcnyl  Mg  halide  reacts  even  with  highly  branched  ketones  in  the  normal 
way  with  the  formation  of  the  corresponding  tertiary  alcohols  in  yields  of  SO-BO’^b. 

2.  The  condensation  of  saturated  tertiary  alkyl  fluorides  has  been  carried  out  for  the  first  time  with 
Grignard  reagents  prepared  from  saturated  alkyl  chlorides,  and  also  by  Yavorsky’s  method  with  allyl  halides. 

It  has  been  established  that  the.  fluorides  give  hydrocarbon  yields  which  are  3  times  greater  than  those  obtained 
with  the  chlorides  of  analogous  structure. 

3.  It  has  been  shown  that  the  yields  of  hydrocarbons  synthesized  by  the  Grignard- Wurtz  metfirxJ  are  in¬ 
creased  by  the  introduction  of  a  multiple  bond  into  the  alkyl  halide  in  the  8 -position  relative  to  the  halogen- 
carbon  bond  (i.e.  in  the  case  of  o  ,  tt  -conjugation),  and  also  in  the  case  of  a  ,  o -conjugation. 
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STUDIES  IN  THE  FIELD  OF  HETEROCYCLIC  CHEMISTRY 


XXVII.  THE  SYNTHESIS  AND  PROPERTIES  OF  MONOHALOGENO 
DERIVATIVES  OF  9-PHENYLACRIDINE 

P.  A.  Petyunin  and  M.  E.  Konshin 


The  halogenation  of  acridine  has  been  insufficiently  studied  [1],  Since  acridine  undergoes  substitution 
reactions  with  difficulty,  its  halogen  derivatives  are  usually  prepared  from  benzene  derivatives  containing  the 
required  substituent  [2].  In  this  case  too,  however,  it  is  sometimes  necessary  to  proceed  by  a  more  complex 
route  than  in  the  synthesis  of  the  unsubstituted  compounds  [3-5].  The  halogen  derivatives  of  9-phenylacridine 
have  been  studied  to  an  even  lesser  extent.  Thus  Dunstan  [6,  7],  in  the  chlorination  and  bromination  of  9-phenyl 
acridine,  isolated  a  series  of  halogen  derivatives  of  unknown  stmeture.  Lehmstedt  [8j  prepared  the  x,  x-dibromo- 
derivative  by  the  action  of  bromine  on  9-phenylacridine.  Quite  recently  Acheson  and  coworkers  [9]  studied  the 
bromination  of  9-phenylacridine  in  a  medium  of  carbon  tetrachloride;  instead  of  the  product  of  bromination  they 
obtained  the  addition  product- lO-bromo-9-phenylacridinium  bromide.  'These  examples  constitute  all  the  infor¬ 
mation  we  have  on  the  study  of  the  halogen  derivatives  of  9-phenylacridine. 

The  present  communication  is  devoted  to  working  out  a  method  for  the  preparation  of  monohalogeno  de¬ 
rivatives  of  9-phenylacridine  and  to  a  study  of  their  properties.  The  synthesis  was  based  on  2-aminotriphenyl- 
carbinol  [10].  We  attempted  unsuccessfully  to  prepare  tlie  starting  monohalogeno  derivatives  of  2-aminotriphen- 
ylcarbinol  by  the  direct  halogenation  of  2-aminotriphenylcarbinol  (VIII).  For  this  purpose,  (VIII)  was  treated 
with  bromine  in  acetic  acid  or  pyridine,  and  also  with  N-chloroacetamide  in  the  presence  of  sodium  bromide 
and  sulfuric  acid.  In  all  cases  a  tarry  product  was  obtained  which  could  not  be  purified  by  recrystallization  from 
different  solvents.  'The  behavior  of  (VIII)  towards  halogenating  agents  is  similar  to  that  of  triphenylcarbinol, 
which,  as  is  known,  shows  a  marked  inertness  to  the  action  of  electrophilic  reagents  [11]. 

The  synthesis  of  halogeno  derivatives  of  2-amiuotriphenylcarbinol  was  carried  out  with  good  results  using 
organomagnesium  compounds.  Starting  from  methyl  aiithranilate  (I),  wc  prepared  the  5-chloro-  and  5-bromo- 
derivatives  (II,  III),  using  the  chloroamide  method  of  M.  V.  Likhosherstov  [12].  The  halogenation  was  carried 
out  using  N-chloroacetamide  and  N,  N-dichlorourea;  it  turned  out  that  N-chloroacetamide  gave  good  results  only 
in  the  bromination.  The  chlorination  was  also  carried  out  using  N,  N-dichlorourea.  'Tlie  iodo  derivative  (IV)  was 
obtained  by  the  reaction  of  (I)  with  iodine  chloride. 

When  the  halogeno  derivatives  of  methyl  anthranilate  (II,  III,  IV)  were  treated  with  phenyl  magnesium 
iodfde,  the  corresponding  halogeno  derivatives  of  2-aminotriphenylcarbinol  (V,  VI,  VII)  were  obtained  in  good 
yield.  The  latter,  in  contrast  to  2-aminotriphenylcarbinol  (Vni),  are  very  weak  bases  and  do  not  dissolve  in  di¬ 
lute  mineral  acids  or  in  concentrated  hydrochloric  acid.  'They  exhibit  the  phenomenon  of  halochromism  and 
give  solutions  of  a  deep  red  color  with  concentrated  sulfuric  acid.  When  (V,  VI)  are  heated  with  acetic  anhydride, 
they  readily  form  the  N-acetyl  derivatives  (IX,  X)  which  also  exhibit  the  phenomenon  of  halochromism.  When 
(V,  VI)  or  their  acetyl  derivatives  (IX,  X)  are  heated  in  nitrobenzene,  tlie  2-halogeno  derivatives  of  9-phenyl¬ 
acridine  are  formed  (XI,  XII). 

The  acridine  ring  closes  more  readily  in  tlie  halogeno  substituted  2-aminotriphenylcarbinols  than  in  their 
N-acetyl  derivatives.  Thus  when  the  e.xperiinents  were  carried  out  with  the  latter  (IX,  X),  a  longer  time  of  heat¬ 
ing  was  required  and  the  reaction  products  were  obtained  in  lower  yield. 
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The  method  worked  out  by  us  for  the  preparation  of  halogeno  substituted  2-aminotriphenylcarbinols  is  not 
applicable  to  the  iodo  derivative,  since  in  this  case  very  marked  dehalogenation  is  observed.  The  experiments 
were  carried  out  with  (VII)  in  a  medium  of  nitrobenzene  or  amyl  alcohol. 

The  action  of  phenyl  magnesium  bromide  on  methyl  4-chloroandiranllate  (XIII)  led  to  the  formation  of 
4-chloro-2-aminotriphenylcarbinol  (XIV),  which  gave  3-chloro-9-phenylacridine  (XV)  when  heated  in  nitro¬ 
benzene.  The  reaction  of  p-chlorc^henyl  magnesium  bromide  with  2-aminobenzophenone  (XVI)  gave  4'-chloro- 
2-aminotriphenylcarbinol  (XVII).  The  closure  of  the  acridine  ring  in  the  latter  may  take  place  in  two  directions 
with  the  formation  of  a  mixture  of  isomers  (XV,  XVIII).  We  were  able  to  separate  only  one  of  the  possible  iso¬ 
mers  (XV)  in  26.8^  yield. 


(XVI)  (XVII)  (XVIII) 


EXPERIMENTAL 

Methyl  5-ch-loroantIiranilate  (II).  2  ml  concentrated  sulfuric  acid  was  added  to  a  solution  of  30.2  g  (0.2 
mole)  of  (I)  in  100  ml  80fo  acetic  acid.  12.9  g  (0.1  mole)  of  N,  N-dichloroutea  was  added  with  stirring  (tem¬ 
perature  below  25-3(f ).  When  the  reaction  was  complete  (test  with  starch  paper)  the  reaction  mass  was  poured 
into  500  ml  water  and  the  reaction  product  extracted  with  ether.  The  solvent  was  removed  and  the  substance 
distilled  at  150-153*  (10  mm).  Yield  25  g  (67.4'^).  Plates  (from  methyl  alcohol)  with  m.p.  69*  [13]. 
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Methyl  5  bromoanthranilate  (III).  18.1  g  (0.12  mole)  of  (I)  was  dissolved  in  50  ml  of  80^o  acetic  acid,  and 
3  ml  concentrated  sulfuric  acid  added,  followed  by  16.7  g  (0.12  mole)  of  sodium  bromide  dissolved  in  a  small 
quantity  of  water.  The  bromination  was  carried  out  using  11.8  g  N-chloroacetamide.  Yield  15  g  (54. 4*^^).  Ne¬ 
edles  (from  methyl  alcohol)  with  m.p.  74*  [14). 

Methyl  5-iodoanthranilate  (IV).  A  solution  of  16.2  g  iodine  chloride  in  30  ml  80*70  acetic  acid  was  added 
to  a  solution  of  15.1  g  of  (I)  in  50  ml  8(>7>  acetic  acid.  Ihc  reaction  mass  was  maintained  at  25-3(f  for  30  min¬ 
utes  and  then  diluted  with  three  times  its  volume  of  water.  The  precipitate  which  separated  was  treated  in  the 
usual  way.  Crystals  (from  alcohol)  with  m.p.  83-85*.  Yield  12.5  g  (48.77)). 

Found 'Vo:  N  5.31,  5.33.  CgH*OiNI.  Calculated  N  5.05. 

5-Chloro-2-aminotriphenylcarblnol  (V).  A  solution  of  14.8  g  (0.08  mole)  of  (II)  in  50  ml  ether  was  added 
to  phenyl  magnesium  iodide  prepared  from  65.3  g  (0.32  mole)  iodobenzene  and  7.8  g  magnesium  in  150  ml 
ether.  To  complete  the  reaction  the  contents  of  the  flask  were  heated  for  1  hour,  after  which  the  organomag- 
nesium  complex  was  broken  up  with  dilute  acetic  acid.  The  ether  layer  was  removed  and  treated  with  steam. 
The  residue  was  crystallized  from  alcohol.  Soluble  in  the  common  organic  solvents,  insoluble  in  dilute  mineral 
acids  and  in  concentrated  hydrochloric  acid.  The  solutions  in  concentrated  sulfuric  acid  have  a  deep  red  color. 
Yield  16.5  g  (66.6‘yo).  Plates  with  m.p.  123.5-125*. 

Found  ''/o:  N  4.34,  4.40;  Cl  11.51,  11.20.  CigHigONCl.  Calculated  N  4.52;  Cl  11.46. 

The  picrate  was  obtained  by  mixing  alcoholic  solutions  of  the  substance  and  picric  acid.  Yellow  crystals 
(from  alcohol)  with  m.p.  130*  (with  decomp.). 

N-Acetyl-5-chloro-2-aminotriphenylcarbinol  (IX).  Obtained  by  heating  4  g  of  (V)  and  8  ml  acetic  anhy¬ 
dride  for  1  hour.  Readily  soluble  in  acetic  acid  and  benzole,  soluble  with  difficulty  in  alcohol  and  benzene. 
Soluble  in  concentrated  sulfuric  acid  with  the  production  of  a  deep  red  color.  Yield  3.4  g  (74.9'7o).  Prisms  (from 
alcohol)  with  m.p.  158.5-159.5*. 

Found  '/..:  N  3.67,  3.88  CziHigOfeNCl.  Calculated  </«:  N  3.98. 

5-Bromo-2-aminotriphenylcarbinol  (VI).  Starting  materials:  14.95  g  (0.065  mole)  of  (III),  53  g  (0.26 
mole)  iodobenzene  and  6.26  g  magnesium.  Soluble  in  die  common  organic  solvents,  insoluble  in  dilute  mineral 
acids  and  concentrated  hydrochloric  acid.  Soluble  in  concentrated  sulfuric  acid  with  the  production  of  a  deep 
red  color.  Yield  19.3  g  (83.9*/o).  Rods  (from  alcohol)  with  m.p.  138-139.5*. 

Found  '/o:  N  3.61,  3.68;  Br  22.58,  22.54.  CigHigONBr.  Calculated  %:  N  3.96;  Br  22.58. 

Picrate,  m.p.  approximately  130*  (with  decomp.). 

N- Acetyl- 5-bromo-2-aminotriphenylcarbinol  (X),  Obtained  in  84.9/o  yield.  Readily  soluble  in  alcohol 
and  acetic  acid.  The  solutions  in  concentrated  sulfuric  acid  have  a  deep  red  color.  Prisms  (from  alcohol)  with 
m.p.  176-17r. 

Found  7o:  N  3.20,  3.29.  CjiHigO^NBr.  Calculated  7os  N  3.53. 

5-Iodo-2-aminotriphenylcarbinol  (VII).  The  reaction  was  carried  out  witfi  5.54  g  (0.02  mole)  of  (IV)  and 
phenyl  magnesium  bromide  prepared  from  12.56  g  (0.08  mole)  bromobenzene  and  1.92  g  (0.08  mole)  magnesium 
in  50  ml  ether.  Soluble  in  alcohol,  ether,  benzene  and  acetic  acid.  Gives  a  deep  red  color  witfi  concentrated 
sulfuric  acid.  Yield  6.9  g  (86 .2 /o). 

Plates  (from  alcohol)  with  m.p.  149*  (with  decomp.). 

Found  7o:  N  3.55,  3.19.  C19H15ONI.  Calculated  1o-.  N  3.49. 

2-Chloro-9-phenylacridine  (XI).  Obtained  by  boiling  4  g  of  (V)  in  4  ml  nitrobenzene  for  15  minutes  (yield 
2.7  g,  727o)  or  by  heating  1  g  of  (IX)  in  2  ml  nitrobenzene  for  2  hours  on  a  sand  bath  (yield  0.35  g,  42.6"/«>).  In 
contrast  to  the  method  described  earlier  [10],  the  reaction  mass  was  not  acidified  with  hydrochloric  acid  before 
the  treatment  with  steam,  and  after  removal  of  the  nitrobenzene  the  acridine  base  was  recrystallized  from  a  suit¬ 
able  solvent.  In  the  experiments  carried  out  with  the  N-acetyl  derivatives  (IX,  X),  the  acridine  bases  were  ex¬ 
tracted  from  the  tarry  residue,  after  removal  of  the  nitrobenzene,  with  10%  hydrochloric  acid,  and  then  treated 
as  in  [10].  Fteadily  soluble  in  acetic  acid  and  alcohol.  Soluble  in  dilute  hydrochloric  acid  with  a  weak 
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yellow-green  fluorescence.  Light  yellow  needles  (from  alcnliol)  with  m.p.  150-15L5*, 

Found  7-.:  N  4.78,  4.56;  Cl  12.10,  11.98.  CjalloNCl.  Calculated  N  4.73;  Cl  12.25. 

The  picrate  was  obtained  by  mixing  alcoholic  solutions  of  the  substance  and  picric  acid.  Bright  yellow 
needles  (from  alcohol)  with  m.p.  219-22cr. 

2- Bromo-9-phenylacridine  (Xlll).  Prepared  by  heating  1  g  of  (VI)  in  1  ml  nitrobenzene  for  10  minutes 
(yield  0.5  g.  53"/<>)  and  also  by  heating  1.5  g  (X)  in  2  ml  nitrobenzene  for  2  hours  on  a  sand  bath  (yield  0.63  g, 
49.8‘y<)).  Soluble  in  alcohol  and  acetic  acid.  I'hc  solutions  in  dilute  hydrochloric  acid  exhibit  a  weak  yellow- 
green  fluorescence.  Light  ye  How*  needles  (from  alcohol)  with  m.p.  145-146*. 

Found  '/o:  N  4.32,  4.49;  Br  23.71,  23.75.  C'ljHuNBr.  Calculated  N  4.19;  Br  23.93. 

Picrate,  yellow  needles  (from  alcoliol)  with  m.p.  234-235*. 

4-Chloro-2-aminotriphenylcarbinol  (XIV).  Starting  materials:  3.7  g  of  (Xlll),*  12.5  g  bromobenzene  and 
1.96  g  magnesium  in  30  ml  etlier.  Soluble  in  alcoliol,  ether,  benzene  and  acetic  acid.  Gives  an  orange  colora¬ 
tion  with  concentrated  sulfuric  acid,  llcxahedral  prisms  (from  alcohol)  with  m.p.  138- 139^. 

Found  N  4.28,  4.26.  CiglligONCl.  Calculated  N  4.52. 

3- Cliloro-9-phcnylacridine  (XV).  Prepared  by  heating  2  g  of  (XIV)  in  2  ml  nitrobenzene  for  15  minutes 
(yield  1  g,  53.4'iii)),  or  from  1  g  of  (XVII)  in  1  ml  nitrobenzene  (yield  0.25  g,  26.8"/o).  Soluble  in  alcohol,  benzene 
and  acetic  acid.  The  solutions  in  mineral  acids  exhibit  a  weak  yellow-green  fluorescence.  Yellow  needles 
(from  alcoliol)  with  m.p.  151.5-152*. 

Found  'A:  N  4.67,  4.79.  C,9H,2NC1.  Calculated  7o:  N  4.73. 

Picrate,  yellow  crystals  (from  alcohol)  with  m.p.  251-252*. 

4*-Chloro-2-aminotriphenylcarbinol  (XVII).  The  reaction  was  carried  out  with  4.9  g  of  (XVI)  and  p-chlo- 
rophenyl  magnesium  bromide  prepared  from  14.4  g  p-bromochlorobenzene  and  1.8  g  magnesium  in  50  ml  ether. 
Soluble  in  alcoliol,  benzene  and  acetic  acid;  insoluble  in  dilute  mineral  acids.  Gives  a  deep  red  coloration  with 
concentrated  snlfurie  aeid.  Yield  5.9  g  (76.57«).  Needles  (from  alcohol)  with  m.p.  97". 

Found  /«;  N  4.20,  4.51.  CigllicONCl.  Calculated 'Jk:  N4,52. 

SUMMARY 

1.  A  nietliod  has  been  worked  out  for  the  preparation  of  rnonohalogeno  derivatives  of  9-phenylacridine, 
based  on  halogeuo  substituted  2-amiuotriphenylearbinols  and  tiieir  N-aeetyl  derivatives. 

2.  It  has  been  established  that  closure  of  the.  acridine  ring  takes  place  more  readily  in  the  halogeno  sub¬ 
stituted  2-aminotriplicuylcarbinols  than  in  their  acetyl  derivatives. 

3.  From  the  example  of  5-iodo-2-aminotriphenylcarbinol,  it  has  been  shown  that  the  method  eannot  be 
recommended  for  the  synthesis  of  iodo  derivatives  of  9-phcnylaeridine,  since  marked  dehalogenation  takes  place. 

4.  I'hc  chloroamide  nietliod  has  been  used  witli  good  results  for  the  halogenation  of  methyl  anthranilate; 
it  has  also  been  established  tliat  N-chloroacetamidc  gives  good  results  in  die  bromination  of  methyl  anthranilate, 
but  not  in  the  chlorination.  Ihe  chlorinationof this  substance  proceeds  smoothly  when  N,  N-dichlorourea  is  used. 

5.  A  number  of  halogeno  derivatives  of  2-aminotriphenylcarbinol,  which  are  not  described  in  the  literature, 
have  been  prepared  by  the  action  of  plienyl  magnesium  bromide  on  halogeno  derivatives  of  methyl  anthranilate, 
and  the  properties  of  these  compounds  have  been  studied. 

6.  A  number  of  monolialogcno  derivatives  of  9-phenylacridine,  wliich  are  not  described  in  the  literature, 
have  l*een  prepared  and  tlieir  properties  have  been  studied. 


•  Prepared  by  the  esterification  of  4-chloroanthranilic  acid;  m.p.  68-69"  [15]. 
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REACTIONS  OF  M A G N E S YL A M I N  E  S 


II.  A  NEW  REACTION  OF  ALDEHYDES 
P.  A.  Petyunin  and  L.  A.  Tetyueva 


One  of  us  and  coworkers  [1]  were  the  first  to  study  the  reaction  of  N,  N-bis-(halogenomagnesiuni)- aryl- 
amines  with  acid  halides  and  esters;  in  this  work  preparative  methods  were  worked  out  for  obtaining  arylamides 
of  carboxylic  acids  and  diacyl  derivatives  of  aromatic  amines.  In  the  present  work  a  description  is  given  of  the 
results  of  a  study  of  the  reaction  between  N,  N-bis-(halogenomagnesium)-aryIamines  and  benzaldehyde.  On  the 
basis  of  the  results  of  the  previous  communication  it  might  have  been  supposed  that  the  magnesylamines  men¬ 
tioned  would  react  with  aldehydes  in  the  same  way  as  with  the  free  amine,  i.e.  with  the  formation  of  Schiff's 
bases.  The  experiments,  however,  did  not  confirm  this  hypothesis.  The  reaction  leads  to  the  formation  of  N- 
arylamides  of  benzoic  acid  and  in  the  general  form  may  be  represented  by  tlie  following  scheme: 

2C6H5CHO  +  CgHsNfMgBrli  — CfiHsCfOMgBr)  =  NCgHj  + 

+C6H5CH20MgBr  »  CeUjCONHCeHs  +  CgHgCHaO 

Under  the  influence  of  the  N,  N-bis(halogenomagnesium)-arylamine, two  molecules  of  benzaldehyde  are 
converted  into  benzyl  alcohol  and  the  arylamide  of  benzoic  acid.  It  is  true  that  the  alcohol  has  not  as  yet  been 
isolated  by  us,  but  the  possibility  of  its  formation  cannot  be  doubted. 

Ihe  reaction  studied  by  us  recalls  the  well-known  Cannizzaro- Tishchenko  oxidation- reduction  reaction, 
and  differs  from  it  in  the  stmcture  of  one  of  the  end  products.  It  should  be  noted  that  tltere  are  no  reports  of 
this  reaction  in  die  literature,  and  it  has  evidently  been  studied  by  us  for  the  first  time.  We  have  carried  out 
the  reaction  between  benzaldehyde  and  ArN(MgBr)z,  where; 


Ar  -  CgHs  ,  0-CH3C5H4  ,  m-CH3C5H4  ,  p-CH3CgH4  ,  p-ClCgH4  ,  p-BrC5H4~’ , 


p-CH3CX^gH4  ,  p-C2H5CXi;5H4  .a-CioHy  ,  3 -C10H7 


and  H3C 


<C3- 

CH3 


EXPERIMENTAL 

Working  method  (tlie  experimenu  were  carried  out  in  the  usual  apparatus  used  for  Grignard  syntheses).  A 
solution  of  0.05  mole  of  the  aromatic  amine  in  20  ml  ether  was  added  to  a  solution  of  ethyl  magnesium  bromide, 
prepared  in  the  usual  way  from  0.1  mole  ethyl  bromide  and  0.1  mole  magnesium  in  30  ml  ether.  The  reaction 
mass  was  then  heated  for  10  minutes  on  the  water  bath,  so  tliat  both  hydrogen  atoms  of  the  amino  group  reacted. 
A  solution  of  0.1  mole  of  freshly  distilled  benzaldehyde  in  15  ml  ether  was  added  to  the  solution  obtained;  during 
this  operation  vigorous  boiling  of  the  ether  was  observed.  The  organomagnesium  complex  was  broken  up  with 
lO^^o hydrochloric  acid,  the  ether  layer  removed  and  treated  with  steam.  To  accelerate  the  removal  of  the  un- 
reacted  benzaldehyde,  the  distillation  was  carried  out  as  in  the  method  of  [2].  The  reaction  product  was  left  in 
the  distillation  flask  and  was  then  recrystallized  from  a  suitable  solvent.  The  experimental  results,  together 
with  die  analysis  data  for  the  compounds  obtained,  are  given  in  Table  1,  from  which  it  can  be  seen  that  the 
yield  of  arylamines  depends  on  the  nature  of  the  aromatic  dimagnesylamine  and  amounts  to  4. 4- 21, 270,  calcu¬ 
lated  from  the  amine  taken  for  the  reaction.  Since  the  benzary  lam  ides  were  obtained  in  low  yield,  a  study  was 
made,  taking  the  reaction  between  benzaldehyde  and  N,  N-bis-(bromomagnesium)- aniline  as  an  example,  of 
the  influence  of  time  of  heating  (Table  2)  and  of  the  ratio  of  reagents  (Table  3)  on  the  yield  of  benzanilide. 
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TABLE  2 


TABLE  3 


Exp. 

No. 

Time  of  heat* 
ing(in  hrs) 

Yield  of 
CeUgNUCOC^Hs 

(r) 

(%) 

1 

without  heating 

1.6 

16.26 

2 

1 

1.7 

17.25 

3 

2 

1.6 

16.26 

4 

2.5 

1.7 

17.25 

5 

10 

1.7 

17.25 

Exp. 

No. 

CeH5(Mg)Br, 
(in  moles) 

CjHbCHO 

(inmole^ 

Yield  of 
CjHjNHCOCeHB 

(r)  ' 

(%) 

1 

0.05 

0.05 

0.1 

1.01 

2 

0.05 

0.1 

1.6 

16.26 

3 

0.05 

0.15 

1.6 

16.26 

Note.  In  all  the  experiments  the  time  of 
heating  was  2  hours. 

It  can  be  seen  from  the  data  given  in  Table  2 
that  the  time  of  heating  the  reaction  mass  has  prac¬ 
tically  no  influence  on  the  yield  of  benzanilide.  In 
experiment  1  Ae  reaction  was  carried  out  without 
heating  and  the  reaction  product  was  obtained  in  a  pure  state,  whereas  with  heating  for  10  houts  (experiment  5). 
a  considerable  amount  of  tar  formation  was  observed,  although  the  substance  was  this  time  obtained  in  slightly 
higher  yield.  The  relative  proportions  of  the  reacting  materials  has  a  marked  influence  on  the  yield  of  benzal- 
dehyde.  Thus  when  N,  N-bis-(bromomagnesium)-aniline  is  added  to  benzaldehyde  in  the  ratio  1 : 1  (experiment 
1),  the  reaction  takes  place  vigorously,  but  when  the  reaction  mass  is  broken  up  the  benzaldehyde  is  almost 
quantitatively  recovered.  The  greatest  yield  of  benzaldehyde  is  obtained  in  the  case  where  2  moles  of  benzal¬ 
dehyde  are  taken  for  1  mole  dimagnesylaniline  (experiment  2).  The  yield  remains  unchanged,  even  if  the  amount 
of  ben^ldehyde  is  increased  to  3  moles  (experiment  3), 


Note.  The  experiments  were  carried 
out  with  0.1  mole  benzaldehyde  and 
0.05  mole  N,  N-bis-(bromomagnesIum)- 
aniline.  The  reaction  product  was  iso¬ 
lated  as  in  the  previous  experiments. 


SUMMARY 

1.  The  reaction  between  benzaldehyde  and  N,  N-bis-(halogenomagnesium)-arylamines  has  been  studied 
for  the  first  time:  it  has  been  established  that  the  final  reaction  products  are  the  correspondii^  N-arylamides  of 
benzoic  acid. 


2..  From  the  nature  of  the  final  products,  die  reaction  studied  by  us  may  be  classified  as  belonging  to  the 
oxidation- reduction  type  of  reaction. 


3.  A  study  has  been  made,  taking  the  reaction  between  benzaldehyde  and  N,  N-bis-(bromomagnesium)- 
aniline  as  an  example  of  the  influence  of  the  time  of  heating  and  of  the  ratio  of  the  reacting  materials  on  die 
yield  of  benzanilide. 
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METHOD  FOR  SYNTHESIZING  A  R  Y  LI  H  I OURE  A  S  AND 


THE  CORRESPONDING  MUSTARD  OILS 


N.  I.  Volynkin 


Symmetrical  alkyl  or  aryl  derivatives  of  thiourea  are  usually  prepared  by  the  reaction  of  carbon  disulfide 
with  the  corresponding  amines  [1-3]  or  by  the  reaction  of  amines  with  mustard  oils  [4].  The  derivatives  of  urea 
can  be  prepared  directly  from  urea  and  an  amine,  for  example,  phenylurea  or  carbanilide  [S,  6];  the  possibility 
of  preparing  diaryl-  and  dialkylthioureas  from  thiourea  and  amines  is  not  described  in  the  literature. 

When  the  chemical  properties  of  urea  and  thiourea  are  compared,  it  is  seen  that  as  well  as  certain  common 
reactions,  there  exist  a  number  of  characteristic  prq)erties  which  ate  shown  only  by  urea  or  by  diiourea.  Urea  is 
known  in  only  one  form;  its  ethers  are  obtained  only  in  the  iso  form,  starting  from  cyanamide  hydrochloride  or 
from  the  reaction  of  dimethyl  sulfate  on  urea  in  the  presence  of  alkali.  The  preparation  of  O  alkyl  derivatives 
of  urea  in  alkaline  solution  indicates  the  possibility  of  die  existence  of  urea  in  the  form  of  isourea  at  pH  greater 
than  7.  In  neutral  and  acid  medium  urea  reacts  in  the  normal  form. 

Most  of  the  reactions  of  thiourea,  on  the  contrary,  correspond  to  die  structure  of  isodiiourea,  i.e.  tautomeric 
equilibrium  exists  between  thiourea  and  isothiourea.  When  thiourea  is  treated  with  an  alkyl  halide,  the  isothio¬ 
urea  derivative  is  obtained.  The  oxidation  of  thiourea  with  potassium  permanganate  or  ferric  chloride  in  the 
presence  of  acid  leads  to  the  formation  of  the  disulfide,  which  also  confirms  that  thiourea  exists  for  die  most  part 
in  the  iso  form.  Werner  considers  [7]  that  in  neutral  aqueous  solutions  thiourea  exists  as  the  inner  salt  of  the  iso 
form.  In  this  way  a  short  examination  of  the  chief  chemical  properties  of  urea  and  thiourea  shows  that  certain 
of  their  reactions  are  not  analogous. 

In  a  study  of  the  synthesis  of  p-ethoxyphenylurea  by  the  reaction  of  p-phenetidine  with  urea,  which  was 
carried  out  in  the  first  stage  of  the  present  work,  the  influence  of  the  pH  of  the  medium  on  the  course  of  die  re¬ 
action  was  established;  for  example,  when  the  above  mixture  was  boiled  under  reflux  for  6  hours,  no  dulcin  was 
formed  at  pH  8,  but  at  pH  s  6  the  reaction  was  complete  in  a  few  minutes  with  a  yield  of  more  than  70^0  phen- 
etolecarbamide.  A  direct  attempt  to  apply  the  results  of  the  study  of  the  synthesis  of  phenetolecarbamide  to  the 
preparation  of  arylthioureas  gave  no  positive  results.  When  aqueous  solutions  of  thiourea  and  aniline  hydrochlo¬ 
ride  were  boiled  for  several  hours  (100-102*)  at  pH  6,  no  diphenylthiourea  was  formed,  which  may  be  explained 
by  the  immobility  of  the  hydrogens  of  the  amide  and  imide  groups  of  isothiourea,  if  this  is  regarded  as  an  inner 
salt;  isourea  gives  no  inner  salt.  In  the  absence  of  water  and  at  high  temperature  the  reaction  took  place  with 
the  formation  of  diphenyldiiourea  in  69-81®7o  yield. 


NH,  NHa 

I  ■-  I 

HN=C— S  -♦  HNt=iC-SH 


NH, 


h,n-(!;=j 


NHCgHs 


+2C,H,NH,HCI 
HCi  * 


CeHsNH-C^S 


At  the  same  time  decomposition  of  the  thiourea  took  place  under  the  influence  of  die  hi^  temperatute, 
with  the  liberation  of  NH3,  CSj,  H2S.  Repeated  experiments  showed  that  the  yield  and  rate  of  the  reaction  are 
increased  if  the  ammonia  evolved  is  combined  by  the  gradual  addition  of  an  equivalent  amount  of  30^  hydro¬ 
chloric  acid. 
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Reduction  of  the  pH  value  below  6  made  it  possible  to  prepare  phenyl  mustard  oil,  which  is  formed  from 
tlic  dip>hcnylurea.  The  formation  of  the  mustard  oil  with  increased  acidity  was  accelerated  at  the  same  time  by 
raising  tlie  temperature  above  125*.  When  a  mixture  of  thiourea,  water  and  aniline  hydrochloride  was  heated  at 
100-102*  for  several  hours  in  the  presence  of  mineral  acid,  as  in  the  case  described  above,  no  diphenylthiourea 
or  phenyl  mustard  oil  was  formed. 

The  preparation  of  mustard  oils  from  the  corresponding  symmetrical  diarylthioureas  by  heating  with  min¬ 
eral  acids  has  been  studied  by  a  number  of  investigators  [8,  9],  and  for  good  yields  it  has  been  necessary  to  use 
an  excess  of  mineral  acid.  When  diiourea  is  heated  with  mineral  acids,  however,  this  should  lead  to  its  decom¬ 
position,  as  a  result  of  which  a  good  yield  of  phenyl  mustard  oil  cannot  be  obtained  in  this  way.  Test  experi¬ 
ments  confirmed  this  hypothesis;  the  maximum  yield  of  mustard  oils  at  125-180*  and  pH  below  6  proved  to  be 
lower  than  20%. 

Further  experiments  on  the  synthesis  of  phenyl  mustard  oil  were  carried  out  in  two  ways:  first -by  the  con¬ 
densation  of  diiourea  widi  aniline  hydrochloride  at  pH  6-6.5  and  temperatures  up  to  18(f ,  and  second-by  the 
addition  of  mineral  acid  to  the  reaction  mixture  with  subsequent  distillation  of  the  phenyl  mustard  oil  with  water 
at  a  lower  temperature.  The  yield  of  phenyl  mustard  oil  in  these  conditions  rose  to  10%.  The  use  of  other  amines 
in  place' of  aniline  led  to  the  formation  of  the  corresponding  symmetrical  arylthioureas  and  mustard  oils. 

EXPERIMENTAL 

The  experiments  were  carried  out  in  round -bottomed  flasks  and  Wurtz  flasks,  of  100  and  1000  ml  capacity, 
fitted  widi  reflux  condenser  and  thermometer  lowered  into  the  reaction  mixture.  The  hydrogen  ion  concentration 
was  determined  colorimetrically  using  the  indicators  methyl  orange,  Congo  red,  methyl  red,  nitrophenol,  dibro- 
modiymolphdialein,  rosolic  acid,  diymolphthalein,  and  also  by  means  of  special  papers  for  the  determination  of 
pH  with  an  accuracy  of  0i2-0.5. 

1.  The  preparation  of  p-ethoxyphenylurea  (dulcin).  100  g  p-phenetidine,  200  g  urea  and  600  ml  water 
at  pH  8  were  boiled  under  reflux  for  8  hours.  The  mixture  was  cooled  and  4.5  g  of  dulcin  isolated  by  crystalli¬ 
zation.  Yield  3.2<^.  When  die  same  mixture  was  boiled  at  pH  7,  40  g  of  dulcin  was  obtained  (yield  26%).  Fin¬ 
ally,  when  the  experiment  was  repeated  at  pH  6.112  g  of  dulcin  with  m.p.  171*  was  obtained  (yield  71%). 

2.  The  preparation  of  diphenylthiourea.  80  gthiourea,  190  g  aniline  and  approximately  230  g  29% hydrochloric 
acid  (technical)  to  an  orange  color  with  congo  red  were  placed  in  a  liter  flask.  The  mixture  was  heated  to  the 
boil  to  remove  the  water.  When  die  temperature  rose  from  120  to  18(f ,  phenyl  mustard  oil  was  found  in  die  dis¬ 
tillate  together  with  die  water.  At  the  end  of  die  reaction  the  contents  of  the  flask  solidified  and  colorless  crys¬ 
tals  sublimed.  The  flask  was  cooled  to  8(f ,  boiling  water  added  and  die  mixture  poured  into  a  liter  beaker.  The 
cooled  mass  was  broken  up  wd  washed  with  water  to  remove  die  water-soluble  materials  (ammonium  salts,  ani¬ 
line  hydrochloride,  etc.),  after  which  the  crude  diphenylthiourea  was  filtered  off,  dried  at  40-5(f  and  recrystal¬ 
lized  from  alcohol.  140  g  (55.5%)  of  material  with  m.p.  154*  was  obtained.  In  die  preparation  of  the  phenyl 
mustard  oil,  recrystallization  from  alcohol  proved  impossible. 

3.  The  preparation  of  phenyl  mustard  oil.  80  g  thiourea,  140  g  aniline  and  180  g  30%  hydrochloric  acid 
were  placed  in  a  liter  flask  and  the  mixture  boiled  to  remove  the  water.  When  the  temperature  was  raised  above 
14Cr,  crystak  of  diphenylthiourea  were  seen  to  be  subliming  and  when  this  took  place  50  ml  of  20%  hydrochloric 
acid  was  added.  The  phenyl  mustard  oil  began  to  distill  over  with  die  water.  When  new  crystals  of  diphenylthio¬ 
urea  appeared,  a  further  50  ml  of  hydrochloric  acid  20%  was  added  and  this  was  continued  until  all  the  oil  had  dis¬ 
tilled.*  The  oil  was  separated  and  distilled  and  die  fraction  boiling  at  219-220*  was  collected.  The  phenyl 
mustard  oil  solidified  at— 22.5*,  d®  1,128.  Yield  60-80  g  (57.1%). 

4.  The  preparation  of  2-mediYlphenylene  isothiocyanate  and  3-mediylphenylene  isothiocyanate.  When 
the  aniline  of  experiment  3  was  replaced  by  o-toluidine,  45  g  (25%)  of  2-methylphenylene  isothiocyanate  with 
b.p.  238.5*  was  obtained,  and  when  m-toluidine  was  used  as  the  amine,  60  g  (42%)  of  3-methylphenylene  iso- 
diiocyanate  with  b.p.  243*  was  ditained. 


*  The  acid  may  be  added  all  at  once,  but  in  this  case  it  is  necessary  to  heat  to  18Cr,  and  then,  after  cooling  to 
120*,  to  add  the  total  amount  of  acid  (200  ml). 
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SUMMARY 


1.  The  optimum  conditions  for  the  condensation  of  urea  with  amines,  for  example,  widi  phenetidlne, 
have  been  established  with  the  aim  of  preparing  phenetolecarbamide. 

2.  It  is  apparent  that  the  condensation  of  thiourea  and  an  amine  does  not  take  place  in  die  conditions 
which  are  favorable  for  the  condensation  of  urea. 

3.  When  the  temperature  is  raised  above  12or  at  pH  approximately  6,  the  condensation  of  diiourea  and 
an  amine  takes  place  with  the  formation  of  symmetrical  aryldiioureas  in  good  yield. 

4.  The  condensation  of  thiourea  and  an  amine  at  pH  6  leads  to  the  direct  synthesis  of  a  mustard  oil. 

5.  Methods  have  been  worked  out  for  the  synthesis  of  certain  aryldiioureas  and  die  corresponding  mustard 
oils  from  thiourea  and  arylamines. 
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DINITROBENZENESULFONIC  ACIDS  AND  THEIR  ESTERS 


A.  I.  Kiprianov  and  A.  I.  Tolmachev 


In  connection  with  a  study  of  the  rate  of  formation  of  quaternary  salts  by  die  action  of  nitrobenzenesul- 
fonates  on  heterocyclic  bases  [1]  we  found  it  necessary  to  prepare  the  esters  of  a  number  of  nitro-  and  dinitro- 
benzenesulfonic  acids.  It  turned  out  that  only  the  esters  of  mononitrobenzenesulfonic  acids  are  known;  no  single 
ester  of  dinitrobenzenesulfonic  acid  has  been  described.  Only  two  of  the  dinitrobenzenesulfonic  acids  themselves 
have  been  prepared,  namely  die  2,  4-  and  the  3,  5-acids. 

In  the  present  communication  a  description  is  given  of  the  syndiesis  of  2,  3- ,  2,  5-  and  3,  4 -dinitrobenzene¬ 
sulfonic  acids,  dieir  esters  and  other  derivatives,  and  also  of  several  new  esters  of  known  nitro-  and  dinitrobenzene¬ 
sulfonic  acid. 

o-  and  p-Nitrobenzenesulfonic  acids  are  prepared  by  the  action  of  sodium  disulfide  on  o-  and  p-nitrochlo- 
robenzene  and  oxidation  of  the  disulfides  obtained  [2].  This  method  cannot  be  used  widi  2,  3-,  2,  5-  and  3,  4- 
dinitrochlorobenzenes ,  since  in  these  compounds  die  nitro  group  is  more  labile  than  the  chlorine  atom  in  nucleo¬ 
philic  substitution  reactions  [3].  With  3, 4-dinitrochlorobenzene,  for  example,  sodium  disulfide  reacu  according 
to  the  equation  [4]: 


Cl 

/\ 


NO, 


Na2S2 


For  the  same  reason  the  exchange  reaction  with  sodium  sulfite  cannot  be  used.  The  essential  difficulty  in 
the  synthesis  of  the  above  dinitrobenzenesulfonic  acids  is  their  low  stability.  Even  die  evaporation  of  their  aqueous 
solutions  on  the  water  bath  may  lead  to  gradual  decomposition  with  the  evolution  of  oxides  of  nitrogen. 

Taking  these  factors  into  account,  we  have  worked  out  the  following  method  for  the  synthesis  of  2,  3-,  2, 

5-  and  3,  4-dinitrobenzenesulfonic  acids.  Three  dinit roacetanilides:  the  2,  3- ,  2,  5-  and  3,  4-dinitro  isomers, 
were  prepared  by  nitrating  m-nitroacetanilide,  isolated  and  hydrolyzed  widi  concentrated  sulfuric  acid  at  IICT 
(not  more  than  5  minutes  for  2,  3-dinitroacetanilider)  to  give  the  three  isomeric  dinitroanilines  [3,  6].  Each  of 
these  was  diazotized,  the  diazo  solution  treated  with  sodium  xandiate  in  an  acid  medium*  below  (f ,  the  diazo- 
xanthate  decomposed  at  60-7cr  with  die  evolution  of  nitrogen  and  the  formation  of  the  aryl  xanthate  and  the 
latter  oxidized  with  nitric  acid  to  the  corresponding  sulfonic  acid: 

(NOk)iC,HjNH2  — >(N0i)2CjH3N2S04H  (NOfe)2C,H3N2SC(S)OCjH5 
- V  (NOi)3C,H3SC(S)OC2H5_-^(NOk)iC6H3SOjH. 


•  The  solution  should  not  be  neutralized  with  sodium  acetate,  since  this  precipitates  die  diazo  hydrates. 


553 


Table  1  shows  a  number  of  derivatives  of  the  three  new  dinitrobcnzenesulfonic  acids,  prepared  for  the 
identification  of  the  latter,  together  with  their  melting  points  and  analysis  data. 


TABLE  1 


Formula 

Melting  point 

Nitrogen  content  (%) 

found 

calculated 

2.3-(N02)2CoH;,SO,K  .  .  . 

2.5.(NO)2CeH3SO;,K  .... 

9.61.  9.80 

9.78 

— 

9.66.  9.76 
%  S:  11.02,  11.24 

9.78 

«/„  S:  11.18 

2.5-(N02)2C„H;,S02CI  .  .  . 

83—84? 

10.55.  10.58 

10.51 

2.5-(N02)2C,,H,S02NH2  .  . 

197 

16.84.  16.77 

17.00 

2,5-(N02)-.CoH,S02NHCcH5 

155 

12.84.  12.81 

13.00 

3.4-(Na,)2C„H.,S03K  .  .  . 

— 

9.60.  9.54 

9.78 

3.4-(N0..)2C„H,S02C1  .  .  . 

59 

10.56.  10.37 

10.51 

3,4-(N02).,CuH.iS02NH2  .  . 

165-166 

16.64.  16.73 

17.00 

With  L.  M.  Yagupolsky,  we  have  also  prepared  the  hitherto  unknown  2-nitro-4-trifluoromethylbenzene- 
sulfonic  acid.  This  was  synthesized  according  to  the  following  scheme: 

NajSj  HNO, 

2.  4-(NG^KCF3)C«H,C1  - ►  [2,4-(NOfeXCF3K:6H3S-i  - *  2, 4-(NCkXCF3X:6H3S03H. 

The  esters  of  ttie  nitrobenzenesulfonic  acids  were  prepared  in  the  usual  way  by  the  action  of  alkoxides  on 
the  sulfonyl  chlorides  [7].  A  number  of  precautions  must  be  observed  when  this  method  is  used  for  the  synthesis 
of  esters  of  the  dinitrobenzenesulfonic  acids.  Under  the  influence  of  alkaline  reagents,  the  dinitrobenzenesulfonic 
acids  may  split  off  the  sulfonate  group  (2,  4-dinitrobenzenesulfonic  acid)  or  a  nitro  group  (2,  3-,  2,  5-  and  3,  4- 
dinitrobenzenesulfonic  acids).  The  reaction  with  the  dinitrobenzenesulfonyl  chlorides  should  therefore  be  carried 
out  at  a  temperature  of  approximately— 5* ,  while  an  amount  of  alkoxide  exactly  equivalent  to  the  sulfonyl  chlo¬ 
ride  should  be  added  to  the  chloride  solution,  and  not  vice  versa. 

Occasionally  the  esters  of  the  dinitrobenzenesulfonic  acids  are  not  obtained 'even  when  these  conditions 
are  observed.  Thus,  for  example,  in  the  reaction  between  2,  4-dinitrobenzenesulfonyl  chloride  and  monosodium 
glycol  we  were  able  to  isolate  only  the  dinitrophenyl  glycol  ether,  according  to  the  equation: 

2,  4-(N0i)iC,HjS0iCl  +  NaOCHjCHjt^— *2,  4-(N0i)2C6H3OCH2CH2OH*  +  NaCl  +  SO^. 

In  an  attempt  to  prepare  the  corresponding  methyl  ester  from  2,  5-dinitrobenzenesulfonyl  chloride,  a  mix¬ 
ture  of  products  was  obtained  from  which  the  only  compound  which  could  be  isolated  was  methyl  2-hydroxy-5- 
nitrobenzenesulfonate . 

The  most  reliable  method  for  the  preparation  of  the  esters  of  dinitrobenzenesulfonic  acids  is  the  reaction 
of  their  silver  salu  with  alkyl  iodides.  The  methyl  esters  of  2,  3-  and  2,  5-dinitrobenzenesulfonic  acids  were 
prepared  in  this  way. 

The  hitherto  unknown  esters  of  nitro-  and  dinitrobenzenesulfonic  acids  are  given  with  their  melting  points 
and  analysis  data  in  Table  2. 

The  esters  of  o-nitrobenzenesulfonic  acid  prepared  by  us  by  the  action  of  the  alkoxides  of  the  alcoliols 
from  n-propyl  to  n-octyl  alcohol  on  o-nitrobenzenesulfonyl  chloride  did  not  crystallize  and  could  not  be  distilled 
without  decomposition  of  the  oil. 


•  The  compound  was  identified  by  taking  a  mixed  melting  point  with  a  specimen  prepared  by  an  alternative 
method  .[8]. 
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TABLE  2 


Formula 

Melting  point 

Nitrogen  content  (7<>) 

found 

calculated 

2.3-(N02)2C„H;,S03CHn  .  .  . 

153® 

10.57.  10.48 

10.69 

2.4-(N02)2C«H;,S03CH.,  .  .  . 

86.5 

10.71.  10.74 

10.69 

2.4-(N02)2C„H3S03C2H5  .  .  . 

97 

10.11.  10.23 

10.14 

2.4-(N02)2C6H;,.S03C,H5  .  .  . 

115—116 

8.42.  8.58 

8.64 

2.4-(N02)2C,iH3S03CBH4N02-0 

139 

11.46.  11.32 

11.38 

2.5-(N02)2C,iH3S0,CH3  .  .  . 

86-87 

10.65.  10.70 

10.69 

3.4-(N02)2C„H,S0,CH3  .  .  . 

91—92 

10.53.  10.57 

10.69 

S.S-iNOalaCnH.SOiCH.,  .  .  . 

162 

10.59.  10.64 

10.69 

3.5-(N02)2C,,H3S03CBHa  •  .  • 

82—83 

8.55.  8.57 

8.49 

2.4-(N02)  (CF3)  CftHiSOaCHn  . 

86—87 

0/0  S;  11.70,  11.78 

11.80 

2.4-(N02)  CICbHjSOsCH,  .  . 

101—102 

5.58.  5.70  • 

5.57 

2.4-(N02)  CIC6H3SO3C2H5  .  . 

97.5 

— 

— 

2.4-(N02)  C1C„H.,S03C3H7-h.  . 

63 

%  S:  12.71.  12.87 

12.70 

2.4-(N02)  CICeHjSOiCgHT-Hso 

59—60 

— 

— 

(o-NO,C„H4S03CH2)2  .... 

110 

6.37.  6.30 

6:28 

p-N02C(iH4S03CgHj7*H.  .  .  . 

73 

9.69.  9.84 

10.15 

p-N02CflH4S03C6Hii . 

78(de  -  . 
comp) 

4.9a  4.85 

4.91 

EXPERIMENTAL 

2,  S-Dinitrobenzenesulfonic  acid.  20.59  g  2,  5-dinitroaniline  was  dissolved  in  75  ml  concentrated  sulfuric 
acid.  The  solution  was  cooled  to  0*  and  8.25  g  of  finely  powdered  sodium  nitrite  added  gradually  with  mechanical 
stirring.  The  mixture  was  then  heated  gradually  to  60*  and  kept  at  this  temperature  for  30  minutes.  The  solution 
of  the  diazo  compound  was  poured  on  to  400  g  of  ice,  and  a  solution  of  31.2  g  sodium  xanthate  in  150  ml  water 
added  slowly  with  stirring  at — 5*  to  the  solution  obtained.  The  mixture  was  stirred  at—S*  for  a  further  30  minutes. 
The  voluminous  yellow  diazoxanthate  precipitate  obtained  was  quickly  filtered  off,  washed  with  ice  water  and 
then  decomposed  by  adding  to  a  large  vessel  fitted  with  a  stirrer  and  containing  100  ml  water,  heated  to  60-70*. 
The  decomposition  took  approximately  40  minutes;  towards  the  end  of  the  reaction  the  solution  was  raised  to  the 
boil.  The  oil  which  separated  was  extracted  with  800  ml  ether,  die  ether  distilled  off  and  the  residue  in  the 
flask  acidified  with  100  ml  nitric  acid  (d  1.5).  The  acid  was  added  dropwise,  after  which  the  mixture  was  heated 
for  2  hours  on  a  boiling  water  badi;  during  diis  time  part  of  the  nitric  acid  distilled  off  and  approximately  60  ml 
of  liquid  remained  in  the  flask.  The  sulfonic  acid  which  precipitated  on  cooling  in  the  form  of  white  needles, 
was  filtered  off  on  a  glass  filter,  pressed  out  and  washed  with  benzene  and  ether.  Yield  14.5  g  (SS'f)),  m.p.  174- 
176*.  The  sulfonic  acid  is  readily  soluble  in  water,  alcohol  and  acetone,  almost  insoluble  in  benzene,  chloro- 
f  orm  and  ether.  When  an  aqueous  solution  of  the  acid  was  neutralized  with  the  calculated  quantity  of  potassium 
carbonate,  the  potassium  salt  was  obtained  as  pale  yellow  needles. 

The  chloride  was  prepared  by  the  action  of  26  g  phosphorus  pentachloride  on  6.2  g  of  die  acid.  The  mix¬ 
ture  gradually  became  hot  and  a  vigorous  evolution  of  hydrogen  chloride  was  observed.  When  the  reaction  had 
slowed  down,  the  flask  was  heated  for  a  further  hour  at  12(f ,  after  which  the  phosphorus  oxychloride  was  distilled 
off.  The  cooled  mixture  was  poured  on  to  150  g  ice.  The  material  which  solidified  was  filtered  off,  washed 
with  water  and  dried.  After  two  recrystallizations  from  benzene,  2.83  g  (43<7o)  of  the  sulfonyl  chloride  with  m.p. 
83-84*  was  obtained. 

The  amide  was  prepared  by  the  action  of  an  aqueous  solution  of  ammonia  on  an  ethereal  solution  of  die 
sulfonyl  chloride.  The  edier  was  removed,  the  ammoniacal  solution  filtered,  and  the  amide  in  solution  in  the 
ammonia  was  precipitated  with  hydrochloric  acid  and  recrystallized  from  alcohol.  Light  yellow  needles  with 
m.p.  19T. 

The  anilide  was  prepared  by  the  acticxi  of  an  equimolecular  amount  of  aniline  on  an  ethereal  solution  of 
the  sulfonyl  chloride.  Yellow  leaflets  after  recrystallization  from  alcohol,  m.p.  155*. 

The  mediyl  ester  of  the  acid  was  prepared  from  its  silver  salt  and  mediyl  iodide.  The  silver  salt  was  ob¬ 
tained  by  treatment  of  an  aqueous  solution  of  the  acid  with  an  equivalent  amount  of  silver  oxide  and  evaporation 
of  the  solution  obtained.  2.8  g  of  finely  powdered  dry  silver  salt  was  heated  at  lOOT  in  a  sealed  tube  for  10  hours 
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with  an  excess  of  methyl  iodide.  The  methyl  iodide  was  distilled  off  and  the  residue  treated  witli  10  ml  boiling 
toluene.  The  boiling  toluene  solution  was  filtered  and  the  methyl  ester  precipitated  on  cooling.  A  second  crys¬ 
tallization  from  toluene  yielded  1.5  g  colorless  prisms  with  m.p.  86-8T.  An  attempt  to  prepare  the  same 

ester  by  the  action  of  a  solution  of  sodium  in  methyl  alcohol  on  a  solution  of  the  sulfonyl  chloride  in  absolute 
ether  at— 5*  was  unsuccessful.  A  small  amount  of  methyl  2-hydroxy-5-nitrobenzenesulfonate  with  m.p.  95-97* 
was  isolated  from  the  mixture  of  products  after  several  crystallizations  from  ether. 

Found  <^1  N  5.98,  5.97.  CtHtOjNS.  Calculated  <^0-.  N  6.01. 

2,  3-Dinitrobenzenesulfonic  acid  was  prepared  from  2,  3-dinitroaniline  by  a  similar  method  to  that  by 
which  2,  5-dinitrobenzenesulfonic  acid  was  prepared.  Yield  44"/(..  The  acid  is  soluble  in  water,  alcohol,  acetone, 
insoluble  in  edier  and  benzene.  The  potassium  salt  was  prepared  by  the  action  of  potassium  carbonate  on  the 
acid  in  aqueous  solution- light  yellow  needles  (from  water). 

The  methyl  ester  was  prepared  from  die  silver  salt,  6  g  of  which  yielded  3.3  g  (75%)  of  the  ester,  m.p. 

153*,  after  crystallization  from  a  mixture  of  benzene  and  ether. 

3,  4-Dinitrobenzenesulfonic  acid  was  prepared  in  the  same  way  as  the  previous  dinitrobenzenesulfonic 
acids.  Since  it  is  not  precipitated  from  nitric  acid  solution,  the  mixture  after  oxidation  was  diluted  with  300 
ml  water,  the  solution  filtered  and  evaporated  on  the  water  bath  to  remove  the  nitric  acid.  When  the  dilution 
and  evaporation  had  been  carried  out  three  times  a  solid  yellow  product  was  obtained.  Tlie  sulfonic  acid  is  sol¬ 
uble  in  water  and  alcohol,  sparingly  soluble  in  ether  and  insoluble  in  benzene.  It  was  converted  into  its  potas¬ 
sium  salt  by  the  action  of  potassium  carbonate.  19  g  (59%)  of  the  potassium  salt  was  obtained  from  20.59  g  of 
3, 4-dinitroaniline  after  recrystallization  from  water. 

The  chloride  was  prepared  from  4.9  g  of  the  potassium  salt  dried  at  14cr  and  10  g  phosphoms  pentachlo- 
ride.  The  mixture  was  heated  at  145-150*  for  1  hour  and  then  poured  on  to  ice.  (When  the  chloride  did  not 
solidify  by  this  treatment,  it  had  tc  be  extracted  widt  ether,  the  ether  solution  washed  with  water,  dried  with 
calcium  chloride  and  the  ether  distilled  off).  When  tecrystallized  from  a  small  quantity  of  ether  3.5  g  (77%) 
of  die  sulfonyl  chloride  with  m.p.  59*  was  obtained. 

The  amide  was  obtained  by  the  action  of  ammonia  on  an  ethereal  solution  of  the  sulfonyl  chloride. 

Unlike  2,5-dinitrobenzenesulfonamide,  it  is  insoluble  in  aqueous  ammonia.  Yellow  leaflets  with  m.  p.  165- 
166*  after  crystallization  from  50%  alcohol. 

The  methyl  ester  was  prepared  from  the  sulfonyl  chloride  and  sodium  methoxide.  A  solution  of  0.39  g 
sodium  in  7  ml  anhydrous  methyl  alcohol  was  added  with  stirring  at— 5*  to  a  solution  of  4.5  g  sulfonyl  chloride 
in  50  ml  absolute  ether.  The  residue  after  ev^qioration  of  die  ether  at  room  temperature  was  treated  with  ice 
water,  the  product  dried  and  recrystallized  from  toluene.  Yield  1.8  g  (41%);  colorless  leaflets  with  m.p.  91-92* 

2-Nitro-4-trifluoromethylbenzenesulfonic  acid.  10  g  of  4,  4*-bis-trifluoromethyl-2,  2'-dinitrodiphenyl 
disulfide  [9]  was  added  in  small  portions  to  30  ml  nitric  acid  (d  1.5).  Vigorous  evolution  of  oxides  of  nitrogen 
was  observed  and  the  disulfide  passed  into  solution.  The  mixture  was  then  heated  for  2  hours  on  the  water  bath, 
the  solution  diluted  with  5  times  its  volume  of  water,  filtered,  diluted  with  water  and  evaporated  on  the  water 
bath  several  times  to  remove  the  nitric  acid  and  finally  evaporated  to  dryness.  12.8  g  of  the  sulfonic  acid  was 
obtained. 

The  methyl  ester  of  the  acid  was  prepared  in  the  same  way  as  methyl  2,  5-dinitrobenzenesulfonate.  Yield 
from  3  g  of  die  silver  salt  1.75  g  (72%),  m.p.  86-8T. 

The  esters  of  2,  4- dinitrobenzenesulfonic  acid.  2,  4-Dinitrobenzenesulfonyl  chloride  was  prepared  by  heat¬ 
ing  2,  4-dinitrobenzenesulfonic  acid,  dried  at  120*,  with  an  equal  weight  of  phosphorus  pentacnloride  for  1.5 
hours  on  a  water  bath.  M.p.  102*  (according  to  [10]  102*).  A  solution  of  0.46  g  sodium  in  10  ml  methyl  alcohol 
was  added  with  stirring  to  a  solution  of  5.32  g  2,  4-dinitrobenzenesulfonyl  chloride  in  30  ml  toluene  cooled  to 
-5*.  The  solution  was  then  raised  gradually  with  stirring  to  room  temperature  and  filtered.  Benzene  was  added 
to  the  filtrate  until  a  suspension  appeared.  The  solution  was  left  for  several  hours  at  0*.  The  product  which 
precipitated  was  purified  by  crystallization  from  toluene.  Yield  of  methyl  ester  2.6  g  (50%),  m.p.  86.5*.  The 
ethyl  ester  was  prepared  in  the  same  way,  yield  42%;  needles,  m.p.  9T.  The  phenyl  ester  was  prepared  in  the 
same  way  from  4  g  of  the  sulfonyl  chloride  and  1.74  g  of  anhydrous  sodium  phenoxide  in  toluene.  The  ester 
was  precipitated  with  benzene  and  crystallized  from  methyl  alcohol.  Yield  3  g  (62%),  m.p.  115-116*.  The  o- 
nitrophenyl  ester  was  synthesized  similarly,  yield  63%,  m.p.  139°. 


The  esters  of  3,  5-dinitrobeiizenesulfoiiic  acid.  3,  5-Dinitrobenzcnesulfonyl  chloride  was  prepared  from 
the  barium  salt  of  the  sulfonic  acid  [11]  and  phosphorus  pentachloride  at  150*  in  63%  yield,  m.p.  102*  (accord¬ 
ing  to  the  literature  data  98-9iT  [12]).  A  solution  of  1.15  g  sodium  in  10  ml  methyl  alcohol  was  added  with 
stirring  at  -ICf  to  a  solution  of  13.3  g  of  the  sulfonyl  chloride  in  90  ml  toluene.  The  mixture  was  stirred  at  the 
same  temperature  for  a  further  liour.  The  product  was  separated  by  filtration,  washed  with  ice  water  and  crys¬ 
tallized  from  toluene.  Yield  of  methyl  ester  8.8  g  (67%),  needles,  m.p.  162*.  The  cyclohexyl  ester  was  pre¬ 
pared  similarly.  It  was  separated  by  diluting  the  mixture  with  benzene.  Yield  36%,  m.p.  81-83*  (with  decomp.). 
The  ester  may  be  crystallized  from  toluene,  but  in  this  case  the  temperature  must  not  be  raised  above  G(f ,  other¬ 
wise  decomposition  takes  place  to  cyclohexene  and  the  sulfonic  acid. 

T  he  esters  of  2-nitro  4-chlorobenzenesulfonic  acid.  Chlorine  was  passed  for  2  hours  with  stirring  through 
a  mixture  of  6.21  g  2,  2' -dinitro-4,  4'-dichlorodiphenyl  disulfide  [2],  25  ml  hydrochloric  acid  and  5  ml  nitric 
acid  (d  1.42)  heated  to  70-75*.  The  liquid  was  then  decanted  and  the  product  remaining  treated  twice  with 
water  heated  to  75  8Cr.  The  sulfonyl  chloride  was  separated  by  filtration,  dissolved  in  50  ml  glacial  acetic 
acid,  the  solution  filtered  and  the  sulfonyl  chloride  precipitated  by  the  addition  of  water.  Yield  of  2-nitro-4- 
chlorobenzenesulfonyl  chloride  7.1  g  (84%),  m.p.  74-75*  (75*  according  to  [13]).  The  esters  of  2-nitro-4-chloro- 
benzenesulfonic  acid  were  prepared  from  the  sulfonyl  chloride  described  and  the  appropriate  alkoxide  in  ether 
at  0*.  Methyl  ester- yield  62%,  needles  (from  a  mixture  of  benzene  and  benzole),  m.p.  101-102*.  Ethyl  ester- 
needles  (from  benzene  and  benzole),  m.p.  97.5*.  n-Propyl  ester- needles  (from  benzene),  m.p.  63*.  Isopropyl 
ester- needles  (from  benzene),  m.p.  59-60*. 

The  esters  of  p-nitrobenzenesulfonic  acid.  140  ml  nitric  acid  (d  1.5)  was  added  dropwise  with  mechanical 
stirring  to  50  g  p-nitrothiophenol  [14].  The  reaction  mixture  was  then  heated  for  15  minutes  on  the  gauze,  di¬ 
luted  with  0.5  liters  of  water,  the  solution  filtered  and  the  filtrate  evaporated.  The  sulfonic  acid  obtained  after 
a  second  dilution  and  evaporation  was  converted,  by  the  action  of  potassium  carbonate  on  its  aqueous  solution, 
into  the  potassium  salt,  48.2  g  (62%)  of  which  was  obtained  after  drying  at  120*.  This  was  converted  into  the 
sulfonyl  chloride  [15].  The  esters  of  p-nitrobenzenesulfonic  acid  were  prepared  in  the  same  way  as  the  esters  of 
2  nitro-4-chlorobenzenesulfonic  acid,  but  at  room  temperature.  N- Octyl  ester- leaflets  (from  benzene),  yield 
50'%,  m.p.  73*.  Cyclohexyl  ester-needles  (from  benzene),  yield  54  ai,  m.p.  78*  (with  decomp.). 

Trimethyleneglycol  di-o-nitrobenzenesulfonate  was  prepared  by  stirring  a  solution  of  o-nitrobenzenesul- 
fonyl  chloride  with  monosodium  trimethyleneglycol  for  12  hours  at  room  temperature.  Yield  6"/o,  needles  (from 
toluene),  m.p.  110*. 


SUMMARY 

A  description  is  given  of  the  synthesis  of  2,  3-,  2,  5-  and  3,  4-dinitro-,  2-nitro-4-trifluoromethylbenzene- 
sulfonic  acids  and  a  numbef  of  their  derivatives.  Esters  of  these  acids  have  been  prepared,  together  with  several 
esters  of  2,  4-  and  2,  5-dinitro- ,  2-nitro-4-chlorobenzenesulfonic  acids  and  of  o-  and  p-nitrobenzenesulfonic 
acids. 
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THE  PREPARATION  OF  LINEAR  POL  YET  H  Y  LS I LOX  A  N  ES 


K.  A.  Andrianov,  I.  A.  Zubkov,  T.  A.  Krasovskaya 
and  M.  A.  Kleinovskaya 

Methylsiloxane  polymers  have  been  described  repeatedly  in  the  literature.  Patnodc  and  Wilcock  [1]  iso¬ 
lated  polymethylsiloxanes  of  general  formula  [(CH3)2SiO]jj,  with  from  3  to  8  silicon  atoms  in  the  molecule,  from 
die  product  of  the  hydrolysis  of  dimethyldichlorosilane.  They  also  prepared  a  number  of  linear  polymers  of  for¬ 
mula  (CH3)^Si[OSi(CH3)2]j^Si(CH3)3,  where  m  =  1-3,  by  treating  a  mixture  of  octamethylcyclotetrasiloxane  and 
hexamethyldisiloxane  with  concentrated  sulfuric  acid.  Hunter  [2]  prepared  linear  polymethylsiloxanes,  contain¬ 
ing  from  2  to  7  silicon  atoms  in  the  molecule,  by  the  simultaneous  hydrolysis  of  dimethyldiethoxysilane  and  tri- 
mediylethoxysilane  in  the  presence  of  alkali  and  subsequent  rearrangement  with  20<^  hydrochloric  acid.  Lewis 
[3]  isolated  trimethyltriphenylcyclotrisiloxane  from  die  product  of  the  hydrolysis  of  methylphenyldichlorosilane, 
and  also  prepared  tetramethyl-1,  3-diphenyldisiloxane,  pentamediyl- 1 ,  3,  S-trij^enyltrisiloxane  and  hepta- 
methyl-3-phenyltrisiloxane.  Joung  [4]  prepared  hexaethylcyclotrisiloxane  and  octaethylcyclotetrasiloxane  by 
the  hydrolysis  of  an  ethereal  solution  of  diethyldichlorosilane  and  subsequent  treatment  of  the  hydrolysis  product 
with  5%  caustic  soda  solution.  Hard  and  Osthoff  [5]  have  prepared  and  isolated  decaethylcyclopentasiloxane. 

's 

Ethylsiloxane  polymers  of  linear  structure  have  not  as  yet  been  described  in  the  literature.  In  the  present  J, 

work  a  mediod  is  given  for  the  synthesis  and  isolation  of  ethylsiloxane  polymers  of  linear  structure  widi  from  3 
to  5  silicon  atoms  in  the  molecule. 

EXPERIMENTAL 

To  prepare  linear  ethylpolysiloxanes,  the  method  used  was  catalytic  rearrangement  in  the  presence  of 
aluminosilicate  [6].  The  starting  materials  used  were  hexaethylcyclotrisiloxane,  octaethylcyclotetrasiloxane 
and  hexaethyldisiloxane. 

The  synthesis  of  die  starting  materials.  The  starting  material  for  the  preparation  of  hexaethylcyclotrisil¬ 
oxane  and  octaethylcyclotetrasiloxane  was  pure  diethyldichlorosilane,  which  was  hydrolyzed  by  water  according 
to  die  scheme: 

n(C2H5)iSiCl2  +  nHjO— ♦[(CjHgjiSiOln  +  2nHCl. 

480  g  of  ice  was  added  in  small  portions  to  a  mixture  of  240  g  diethyldichlorosilane  and  350  ml  diethyl 
edier.  When  all  the  ice  had  melted,  the  mixture  was  heated  to  boiling  point  and  kept  at  that  temperature  under 
reflux  for  1  hour.  The  aqueous  layer  was  then  separated,  the  ether  layer  washed  widi  an  equal  volume  of  water 
and  heated  for  1  hour  at  die  boiling  point  with  50  ml  5^  caustic  soda  solution.  The  alkaline  layer  was  removed, 
the  ethereal  solution  of  the  mixture  of  polyethylsiloxanes  washed  widi  water  until  neutral  to  phenolphthalein  and 
the  edier  distilled  off.  The  yield  of  hydrolysis  product  amounted  to  148  g  (95"^).  The  individual  compounds 
were  isolated  from  the  hydrolysis  product  by  fractional  distillation.  Hexaethyldisiloxane  was  prepared  from  tri- 
ethylchlorosilane  by  hydrolysis  with  an  equal  volume  of  water  according  to  the  scheme: 

2(C,H5)3SiCl  +  HjO— ►(C,H5)3SIOSi(C,H5),  +  2HC1. 
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The  hydrolysis  product  was  washed  witfi  water,  treated  with  by  volume  of  concentrated  sulfuric  acid 
witli  stirring  for  6  hours,  washed  again  with  water,  dried  with  calcium  chloride  and  fractionally  distilled. 

The  separation  of  the  individual  polymeis  from  die  hydrolysis  products  was  carried  out  by  fractional  dis¬ 
tillation  on  a  film  column  with  an  efficiency  of  20  theoretical  plates.  The  rectifying  part  of  the  column  con¬ 
sisted  of  two  concentric  tubes  with  diameters  12  and  14  mm  and  length  600  mm.  The  circular  opening  between 
the  tubes  was  1  mm  wide.  To  achieve  adiabatic  conditions  for  the  separation  process  the  column  was  placed  in 
a  metal  jacket  filled  with  insulating  material  and  fitted  with  a  two-section  electric  heater.  Temperature  con¬ 
trol  according  to  die  hei^t  of  die  column  was  achieved  using  a  chromel-alumel  thermocouple  and  potentio¬ 
meter.  The  temperature  of  the  still  and  the  distillate  were  measured  using  thermometers  with  an  accuracy  of 
0.2*.  In  the  rectification  of  hexaethyldisiloxane  the  rate  of  flow  of  liquid  in  the  circular  opening  was  kept  with¬ 
in  the  limits  200-250  ml/hour  and  the  reflux  number  was  10-15.  The  yield  of  hexaethyldisiloxane  was  85%  of 
die  mixture  taken  for  rectification.  The  product  had  b.p.  72-73*  (1  mm),  n^  1.4340,  M  240. 

Found  "h  C  58.49;  H  12.50;  Si  22.80.  CizHjoOSi,.  Calculated  %:  C  58.66;  H  12.20;  Si  22.76. 

The  rectification  of  the  cyclic  polymers  was  carried  out  at  the  same  rate  of  liquid  flow,  but  the  reflux 
number  in  the  distillation  process  was  25-30.  41%  of  a  fraction  boiling  at  91*  (hexaediylcyclotrisiloxane)  and 
31)1.  of  a  fraction  boiling  at  12T  (octaediylcyclotetrasiloxane)  were  isolated.  The  properties  of  the  compounds 
obtained  are  given  in  Table  1. 


TABLE  1 


Composition  (%)  and 
properties  of  the 

Hexaethylcyclotrisiloxane 

Octaethylcyclotetrasiloxane 

products  ■ 

found 

calc. 

literature 
data  [4] 

found 

calc.  ^ 

1 

literature 
data  [4] 

Carbon 

47.0 

47.0 

47.1 

47.0 

Hydrogen 

10.27 

9.88 

— 

10.27 

9.88 

— 

Silicon 

27.65 

27.45 

— 

27.54 

27.45 

— 

Molecular  wt. 

296 

306 

— 

404 

408 

— 

Refractive  index 
(nB) 

1.4308 

1.4308 

1.4338 

_ 

1.4338 

Speg^fic  gravity 
(di  ) 

0.9550 

— 

0.9549 

0.%30 

— 

0.9640 

Molecular  refrac 
tion(MRQ) 

82.9 

83.7 

___ 

110.3 

111.1 

V  iscosity  at  20* 
(in  centistokes) 

3.6 

1 

— 

3.6 

11.1 

1 

j  11.2 

The  synthesis  of  linear  ediylsiloxane  polymeis.  For  the  preparation  of  linear  ethylsiloxane  polymeis  by 
catalytic  rearrangement,  the  components  required  were  calculated  according  to  the  equation: 

1 

(CjHsjjSiOSifCjHB),  +  |iC(C,H,)kSiO]n  —  (C,H5),SiOSi(C,H5)jOSi(CiH5),  . 

20.4  g  octaediylcyclotetrasiloxane  (or  hexaediylcyclotrisiloxane)  and  49.2  g  hexaediyldisiloxane  were 
placed  in  a  reaction  flask  fitted  with  stirrer,  thermometer  and  reflux  condenser.  The  liquid  was  heated  to  120* 
on  an  oil  bath  and  5.6  g  aluminosilicate  added  widi  stirring.  The  mixture  was  stirred  at  120*  for  5  hours  (until 
die  liquid  phase  had  a  constant  viscosity)  and  filtered  while  still  hot  through  a  paper  filter  on  a  Buchner  funnel 
to  remove  the  aluminosilicate. 

The  product  of  die  rearrangement  had  the  following  characteristics: 

Found  %:  C  55.67;  H  11.76;  Si  24.40.  M351.  CuH4oO^Si5.  Calculated  %:  C  55.20;  H  11.50;  Si  24.30. 

M348. 
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The  mixture  of  linear  polymers  obtained  was  distilled  on  a  column  at  a  residual  pressure  of  1  mm.  The 
yields  and  characteristics  of  the  polymeis  obtained  are  given  in  Table  2. 


TABLE  2 


Composition  (%)  and 
Properties  of  the 
Products 

Octaethyltrl- 

siloxane 

Decaediyltetra- 

siloxane 

Oodecaethylpen- 

tasiloxane 

found 

cal¬ 

cu¬ 

lated 

found 

cal" 

cu- 

lated 

found 

calcu¬ 

lated 

Boiling  point 
(1  mm) 

113-114® 

151® 

188—189° 

Yield 

23.5 

— 

15.5 

— 

2.7 

— 

Refractive  index 
(n^ 

‘l.4389 

— 

1.4415 

— 

1.4445 

— 

Specific  gravity  (t^) 

0.8940 

— 

a9121 

— 

0.9252 

— 

Molecular  refraction 
Mole^\ar  weight 

102.8 

104.1 

130.4 

131.9 

158.6 

159.7 

338 

348 

451 

450 

555 

552 

Carbon 

55.3 

55.2 

53.3 

53.4 

52.1 

52.2 

Hydrogen 

silicon 

11.6 

11.5 

11.5 

11.2 

11.0 

11.0 

24.4 

24.3 

24.8 

24.9 

25.2 

25.4 

SUMMARY 

New  ediylsiloxane  linear  polymers  with  the  general  formula  (CtH|)sSiO[Si(C2Hs)kO],jSi(C|H()s,  where  n  =  1, 
2  and  3,  have  been  prepared. 

LITERATURE  CITED 

[1]  W.  Patnode  and  D.  Wilcock,  J.  Am.  Chem.  Soc.  68,  358  (1946). 

[2]  M.  J.  Hunter,  J.  Am.  Chem.  Soc.  68,  2284  (1946). 

[3]  R.  N.  Lewis,  J.  Am.  Chem.  Soc.  70,  1115  (1948). 

[4]  C.  W.  Joung,  J.  Am.  Chem.  Soc.  70,  3758  (1948). 

[5]  P.  T.  Hard  and  R.  S.  Ostfioff,  J.  Am.  Chem.  Soc.  75  ,  234  (1953). 

[6]  K.  A.  Andrianov,  T.  A.  Krasovskaya,  J.  Chem.  Ind.  8,  462  (1956). 


Received  February  17,  1956. 


561 


P  ■  JiPIgW 


."M*?  '  l!Mf-l»U#»!.  H.  ^ac?-3r«l(-» 

S  It',*'  nWwV^'  ■  T  rAtHr-c-  V  - <■  «i*'f -"^  ♦^^/.’V'"  ''  ’’**■' 

<ii; *  gks?  v<;y  ■-  ,  r?..  v  ■  ■'  ■■  ’  ■  •  '*;  ''••?*«"  . 

,  r®« -llitx:-  ‘ •- iV.i V.  K:A-.‘'-  ■  ■  .... 


j;  dMl  mbc  r I  ■  rra  '  ■  w»iKti)-  -wx^rwi  ’  5^. 

’'■'  '-"P"  ^  .rniLsi 

V  is  1 -.<■■>.»»%--  A  IT"  *';••  y-.'  ^>t?illi<  p.  '  P/ 'T*''^  :  :»<ir'.i  I-  j  .  ,  >. 

-  jrT'.  ^.  >  ..  ^v»l[  ,  l>?"»Aj;  .  .  {  t  •  . 

.  ^yi\  Hill ‘i:  in'i^iainr  ‘iii  urT - '~  ^ -m^  -v  s^- 


j-mtAn.  r^>;.  • 

’f>  ^■-  ft’ 


.  u„  «-■-  •.,■«  !,-.  (.  ■;  - -i  .’.tt  i  •.;  .<.f,*i.»v 


i 


^  i  j  !  "..4>ni  ifvo'w;  tVf?*'- 

,'  ;“<..v-d  >  •  -.■■■’--f>' . -t I.-'  -  .  ,  mtJ  I  i  ^X.i  ^  •  ■  ■••^■?0 

n-'  >r  u'J 

fji ■r^x*  ^'-  .'  |  -  i  ^  ^  '  ’"  iitti}Jy«.‘ -  A^iua^MU->U 

-  *  ■  'ITJ*?  1  <t.rf  ■.  <>^^  [  iit>  ;  m:  ‘Sit  ■  ; '.t;->f M 

st/'afi  MS  *r^  {  « J-e  i  r^*:  a?.  ..^. 

ij.ir  ojf  LH  !  e.fi  en  ^  ».r:  ,-.vi^;H!’ 

;c  K  SXi:  *->5  ^ 


/l-.,  .  t  *  ■'■  iltti}Jy«;'.. 

1*  ^M«'r  i,  -i'CtU  lyUvl  . 

I  *.?r  ^  ,  Ri>  :  ats:  -nt  ;  ; m 

“■j  MS  *r^  {  e.J’i  i  :  a?. 


!*  ,v  i^;t''*!  * 


,1  »  «  W-hW  is»IW:*S  .>jft  .•^'•^  »r,-xt  v.<.^ '.  -^<^'1  », 

,  ■,  -,  ,  »fj’»’«p»lfl  II  K-».'  .J*l>  ..  J,*  S 


aiTi:> ‘i^!vrA^3  n.! 

.JO?  ..liV';  -.ItA  ,,  ,'  XV^iiV'  .*J  >■’;.  •••>O.Tv''  ,  '.  .  ; 

.okO  ;'a  ,!,•,»•;<■  ;»•  1 4M  r»* 
iC»*31)  .7T  .  y.>.  .iftif  •  aviA  .L  .  •*  .:■  ! 

4#fK;r»  ‘HtT  ,i>f  .30?  .  i>  vy  .o?A  .i  ,  g?uf.  ’  .'-  .  »  p'.  • 
,ir.x7i  ^  :-S  .'r  .c,o>  .fz‘-i:p>  ,sTf>.  .!  .’tort:--  .0  .il  t>a«  t  .1 H  V  ;tti 
1?'.'?*^’! :  '-'M*  ,5  .•^  ...i*X!>  I  ,A  .T  .  ^  •if^hinA^  .A  .'4  jiij 


--v  ■ 

;  jiTil  orit  ■..:>  L‘lt' 


■iJLjfa 


THE  REACTION  OF  CHLOROFORM,  BROMOFORM  AND  SILICOCHLOROFORM 
WITH  SODIUM  TRIPHENYLSILANOLATE 


V.  S.  Chugunov 


It  has  been  shown  by  us  earlier  [1]  that,  depending  on  the  conditions,  the  reaction  of  silicon  tetrachloride 
with  sodium  triphenybilanolate  may  take  place  either  stepwise  with  the  formation  of  triphenyltrichlorodisiloxatie, 
bis-(triphenylsiloxy)dichlorosilane  or  tris-(triphenylsiloxy)chlorosilane,  or,  when  excess  sodium  triphenylsilanolate 
is  used,  with  the  formation  of  tris-(triphenyl8iloxy)chIorosilane  according  to  the  equation: 

3(C,H5)3SiONa  +  SiC^  =  [(C,H5)jSiO]3SiCl  +  3NaCl. 

Attempts  to  prepare  tetrakis-(triphenylsiloxy)silane  in  the  same  way  as  tetrakis-(trialkylsiloxy)silanes  [2-4] 
gave  no  positive  result  even  when  the  more  reactive  tris-(triphenylsiloxy)fluorosilane  was  boiled  with  excess 
sodium  triphenylsilanolate. 

The  primary  aim  of  the  present  work  was  the  study  of  the  reaction  of  sodium  triphenylsilanolate  with  car¬ 
bon  tetrachloride.  When  the  latter  was  boiled  for  16  hours  with  sodium  triphenylsilanolate  (in  the  molar  ratio 
1 :4),  however,  the  expected  result  was  not  obtained.  When  the  carbon  tetrachloride  was  replaced  by  chloroform 
or  bromoform,  the  formation  of  tris-(triphenylsiloxy)methane  took  place.  Their  analog- silicochloroform- re¬ 
acted  smoothly  with  sodium  triphenylsilanolate  with  the  formation  of  triphenyldichlorodisilanoxane,  bis-(tri- 
phenylsiloxy)chlorosilane  and  tris*(triphenylsiloxy)silane.  When  tris-(triphenylsiloxy)silane  was  treated  with  a 
solution  of  alkali,  the  hydrogen  situated  on  the  silicon  atom,  as  in  the  case  of  the  trialkyl-  or  arylsilanes,  was 
quantitatively  replaced  by  die  hydroxyl  group  widi  the  formation  of  tris-(triphenylsiloxy)silanol  according  to 
the  scheme: 

NaC« 

[(C,H,),SiOl5SiH^:^^^[(C8H5)jSiOiSiOH  +  H,. 

EXPERIMENTAL 

Tris-(trlphenylsiloxy ^ethane.  3.5  g  chloroform  was  added  with  cooling  by  ice  water  to  a  solution  of 
sodium  triphenylsilanolate  prepared  from  26.7  g  triphenylsilanol  in  150  ml  benzene  and  2.5  g  sodium,  and  the 
mixture  boiled  for  8  hours.  After  removal  of  sodium  chloride  the  crystals  obtained  were  recrystallized  twice 
from  benzene. 

16.5  g  (6(X’/o  yield)  was  obtained  (m.p.  222-223*). 

Found  ojoi  C  78.40,  78.64;  H  5.62,  5.57;  Si  10.11,  10.23.  c:«H4,C^Si,.  Calculated  C  78.81;  H  5.52; 

Si  10.04. 

Tris-(triphenylsiloxy)methane,  identified  by  its  melting  point,  was  obtained  (in  11%  yield)  under  similar 
conditions  from  4.2  g  bromoform,  14  g  triphenylsilanol  and  1.3  g  sodium. 

Triphenyldichlorodisiloxane.  Sodium  triphenylsilanolate  was  prepared  from  41.5  g  triphenylsilanol  in  400 
ml  benzene  and  4  g  sodium.  The  solution  was  cooled,  23.5  g  silicochloroform  added  and  the  mixture  boiled  for 
4  hours.  The  sodium  chloride  was  removed  and  the  filtrate  fractionated.  29.4  g  triphenyldichlorodisiloxane 
(87.57o  yield,  calculated  on  the  triphenylsilanol)  was  collected  in  the  form  of  a  transparent  oily  liquid  with  b.p. 
345-350*,  dj®  1.1908,  njj  1.576. 
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Found  loi  C  57.77,  57.41;  H  4.62,  4.61;  Cl  19.1,  19.0;  Si  14.6,  14.71.  CuHigOCljSi.  Calculated 

C  57.59;  H  4.29;  Cl  18.9;  Si  14.95. 

Bis-(triphenyl5iloxy)chlorcisilane .  Sodium  triphenylsllanolatc  was  prepared  from  9  g  triphenykilanol  in 
200  ml  benzene  and  0.8  g  sodium.  11.3  g  triphenyldichlorodisiloxane  was  added  and  the  mixture  boiled  for  4 
hours.  The  sodium  chloride  was  removed  and  the  solution  evaporated  to  half  its  original  volume  to  yield  12.2 
g  (66*51))  bis-(triphcnybiloxy)chloro8ilane  with  m.p.  145-146°  (from  benzene). 

Found  Si  13.3,  13.5;  Cl  5.2,  5.3.  M  620,  614,  CMHjiOiClSij.  Calculated  Si  13.7;  Cl  5.7.  M  615. 

Tris-(triphenybtloxy)8llane  was  synthesized  by  two  methods: 

a)  6.1  g  bis-(triphenybiloxy)chlorosilane  was  added  to  sodium  triphenybilanolate  prepared  from  7.5  g 
tripthenybilanol  in  100  ml  benzene  and  sodium.  The  solution  was  boiled  for  3  hours  and  the  sodium  chloride 
removed  to  yield  8.4  g  tris-(triphenybiloxy)5ilane  with  m.p.  211-212*  (from  benzene). 

Found C  78.86,  78.59;  H  5.60,  5.73;  Si  10.26  ,  9.94.  C54H4BO,Si4.  Calculated 'Vo:  C  78.4;  H  5.6;  Si  10,2 

b)  Sodium  triphenybilanolate  was  prepared  from  13.8  g  triphenykilanol  and  1.5  g  sodium.  The  solution 
was  cooled  to  0°  and  2.3  g  silicochloroform  added;  the  mixture  was  boiled  for  4  hours.  7.8  g  (54%,  calculated 
on  the  silicochloroform)  of  tris-(triphenybiloxy)silane,  identified  by  its  melting  point,  was  obtained. 

Determination  of  hydrogen.  The  presence  of  hydrogen  bound  directly  to  the  silicon  atom  in  trb-(triphen- 
ybiloxy)silane  was  established  by  die  mediod  of  Price  [5],  based  on  the  replacement  of  the  hydrogen  in  I^SiH 
by  a  hydroxyl  group  in  alkaline  medium.  0.6428  g  tris-(triphenybiloxy)silane  was  dissolved  in  30  ml  dry  acetone 
in  a  Tserevitinov  apparatus  and  30  ml  20%  caustic  soda  solution  added.  8.1  ml  of  Hj  was  collected;  calculated 
value  8.4  ml  Hj.  When  0.9M2  g  of  substance  was  treated  with  alkali,  12.2  ml  H2  was  collected;  calculated 
value  12.6  ml  Hj.  The  tris-(triphenybiloxy)silanol  (m.p.  242-243°),  recrystallized  from  benzene,  was  identified 
by  taking  a  mixed  melting  point  with  a  sample  of  the  product  prepared  by  us  earlier  [1]. 

SUMM  ARY 

1.  Trb-(triphenybiloxy)mediane  has  been  prepared  for  the  first  time  in  good  yield  (60-70%)  from  chloro¬ 
form  or  bromoform  and  sodium  triphenybilanolate. 

2.  It  has  been  shown  that  silicochloroform,  like  silicon  tetrachloride,  reacts  smoothly  widi  sodium  triphen¬ 
ybilanolate  witfi  the  formation  of  triphenyldichlorodbiloxane,  bb-(triphenybiloxy)chlorosilane  and  trb-(triphen- 
ybiloxy)iilane. 
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THE  REDUCTION  OF  MERCURATED  AMIDES  OF  CARBOXYLIC  ACIDS 
WITH  ESTERS  OF  PHOSPHOROUS  ACID 

I.  F.  Lutsenko  and  V.  V.  Tyuleneva 


The  reduction  of  mercury  salts  of  carboxylic  acids  with  esters  of  phosphorous  acid  [1]  leads  to  die  formation 
of  esters  according  to  the  following  scheme: 


(CHjCOOIiHg  +  P(OR), 


►Hg  +  [(CH,COO),P(OR),] 

2CH,COOR  +  (ROPOi)x. 


The  trialkyl  phosphite  dius  behrives  in  this  reaction  as  an  alkylating  agent. 

In  die  present  article  the  results  are  given  of  a  study  of  the  reaction  of  trialkyl  phoqihitea  widi  mercurated 
amides  of  carboxylic  acids.  In  this  reaction,  too,  metallic  mercury  is  liberated  quantitatively:  the  amide  residue, 
however,  is  not  alkylated  in  the  process.  Instead  of  the  alkylated  amide,  the  products  obtained  in  good  yield 
are  the  trialkyl  phosphate  and  the  amide  and  nitrile  of  the  carboxylic  acid.  The  reaction  was  studied  with  the 
mercurated  amides  of  acetic,  propionic,  isobutyric  and  benzoic  acids  and  may  be  represented  by  die  following 
scheme; 


(RCONH)2Hj-»-P(OR')3  Hg-i- 


FRCONH.  /OR'! 

ypfoR' 

RCONH/  \OR'J. 


Under  the  conditions  of  the  reaction,  the  amide  of  the  acid  is  spUt  off  from  the  compound  formed: 


RCONH.  /OR'] 

>Pf  OR'  RCONH2  -1-  RCON  =  P(0R')3. 

RCONH/  \OR' 


The  reaction  between  the  mercurated  amide  of  die  carboxylic  acid  and  die  trialkyl  phosphite  takes  place 
with  considerable  evolution  of  heat.  To  separate  the  metallic  mercury  completely  the  reaction  mixture  was 
boiled  for  five  minutes.  Under  these  conditions  the  trialkoxyphosphazoacyls,  formed  after  the  removal  of  die 
molecule  of  the  amide  of  the  carboxylic  acid ,  undergo  further  decomposition  to  the  trialky  phosphate  and  the 
nitrile  of  the  carboxylic  acid: 

RCON  =  P(OR*)j  — ►RCN  +  OP(OR’),. 

An  analogous  phosphazo  compound  decomposition  was  first  described  by  Staudinger  [2];  thus,  by  heatii^ 
triethylphosphinebenzoy limine  to  120*,  he  obtained  triethylphosphine  oxide  and  benzonitrile: 

CjHbCON  =  PfCiHs), — ►CgHgCN  +  OPfCjHs),. 
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The  same  type  of  phosphazo  compound  decomposition  was  recently  described  with  trichlorophosphazoacyk 
as  examples  [3]: 


CsHgCON  ^  PCI3  — ►CeHjCN  +  OPCI3. 

A.  V.  Kirsanov  replaced  the  chlorine  atoms  in  CgHsCON  =  PCI3  by  phenoxy  groups  by  treating  the  com¬ 
pound  in  benzene  solution  with  sodium  phenoxide.  The  triphenyl  ester  of  benzoylimidophosphoric  acid  obtained 
proved  to  be  unstable  and  on  distillation  or  on  storing  for  a  week  at  room  temperature  in  the  presence  of  traces 
of  hydrogen  chloride  decomposed  quantitatively  to  benzonitrile  and  triphenyl  phosphate. 

A  similar  thermal  instability  is  evidently  shown  by  the  esters  of  acylimidophosphoric  acid  whose  inter¬ 
mediate  formation  has  been  postulated  by  us. 

EXPERIMENTAL 

The  mercurated  amides  of  the  carboxylic  acids  were  prepared  by  fusing  mercuric  oxide  with  the  carboxylic 
acid  amide  [4]. 

In  preparation  of  mercurated  isobutyramide.  17.4  g  isobutyramide  and  21.6  g  mercuric  oxide  were  mixed. 
The  mercuric  oxide  dissolved  on  gradual  heating.  The  mercurated  isobutyramide  obtained  was  crystallized  from 
water.  Yield  35  g  (95%);  m.p.  152-153*. 

Found  Hg  51.67,  51.78.  CgHifC^NzHg.  Calculated  '^]oi  Hg  51.33. 

The  reaction  of  mercuracetamide  with  tributyl  phosphite.  25  g  tributyl  phosphite  was  added  to  31.6  g 
mercuracetamide.  The  reaction  began  immediately  and  proceeded  with  the  evolution  of  heat.  The  mixture 
was  boiled  for  five  minutes  and  the  fraction  with  b.p.  74-85*  distilled  off.  A  second  distillation  of  this  fraction 
yielded  acetonitrile  widi  the  following  constants;  b.p.  79-81*,  np  1.3455.  Yield  3.25  g  (80^o).  According  to 
[5],  b4).  81*,  njj  1.3460.  Metallic  mercury  was  isolated  from  the  residue  in  the  Wurtz  flask;  yield  20  g  (lOO^o). 

When  the  residue  was  vacuum  distilled  the  following  fractions  were  obtained:  1st  93-96*  (6  mm),  5.4  g; 

2nd  137-139^  (6  mm),  13  g.  The  1st  fraction  proved  to  be  acetamide,  b.p.  81*;  yield  91^0.  The  2nd  fraction 
was  tributyl  phosphate;  yield  48*)^  n^  1.4248.  According  to  [6],  b.p.  138*  (6  mm),  n^  1.4249. 

Found  C  53.80,  54.15;  H  9.92,  10.42;  P  11.58,  11.39.  (C4H90)jP0.  Calculated  %:  C  54.12;  H  10.22; 

P  11.62. 

The  reaction  of  mercurated  propionamide  with  tributyl  phosphite.  14.4  g  tributyl  phosphite  was  added  to 
20  g  mercurated  propionamide.  The  mixture  was  boiled  for  five  minutes  and  a  fraction  with  b.p.  80-110*  dis¬ 
tilled  off.  A  second  distillation  yielded  propionitrile  with  b.p.  97-98*,  n”  1.3710;  yield  3.2  g  (77%).  According 
to  [5],  b.p.  98*,  1.3681.  Metallic  mercury  (11  g,  95%)  was  isolated  from  tfie  residue  which  was  then  distilled. 

The  following  fractions  were  collected:  1st  92-93*  (3  mm),  2.6  g:  2nd  130-131*  (3  mm),  6.5  g.  1st  fraction- 
propionamide;  yield  62®fc;  m.p,  78*.  2nd  fraction- tributyl  phosphate;  yield  43%;  np  1.4249. 

The  reaction  of  mercurated  isobutyramide  with  tributyl  phosphite.  12.5  g  tributyl  phosphite  was  added  to 
18.6  g  mercurated  isobutyramide.  The  mixture  was  boiled  for  five  minutes  and  a  fraction  with  b.p.  95-110*  was 
distilled  from  the  Wurtz  flask.  A  second  distillation  yielded  isobutyronitrile  with  b.p.  106-108*;  n{J  1.3700; 
yield  5.4  g  (77‘^).  According  to  [5],  b.p.  106-108*,  np  1.3713.  The  metallic  mercury  (10  g,  lOOfo)  was  removed 
from  the  residue  which  was  then  distilled.  The  following  fractions  were  collected:  1st  74-76*  (5  mm),  1  g;  2nd 
136-138*  (5  mm),  4.1  g.  1st  fraction -isobutyramide;  yield  13’/o;  m.p.  128*.  The  low  yield  of  isobutyramide  is 
explained  by  die  considerable  decomposition  which  takes  place  when  this  compound  is  heated  or  distilled.  2nd 
fraction- tributyl  phosphate;  yield  30^;  np  1.4247. 

The  reaction  of  mercurated  benzamide  with  tributyl  phosphite.  5  g  tributyl  phosphite  was  added  to  8  g 
mercurated  benzamide.  The  mixture  was  heated  for  five  minutes  and  a  fraction  with  b.p.  180-200*  distilled 
from  the  Wurtz  flask.  A  second  distillation  yielded  benzonitrile  with  b.p.  190-191*;  yield  1  g  (54'7o).  Metallic 
mercury  (3.6  g,  100%)  was  removed  from  the  residue  in  the  Wurtz  flask  and  the  benzamide  filtered  off  (0.9  g, 
41%),  m.p.  127*  (from  water).  Vacuum  distillation  yielded  3.4  g  tributyl  phosphate  with  b.p.  140-142*  (8  mm) 
slightly  contaminated  with  benzamide. 
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It  has  been  found  that  the  reaction  of  mercurated  amides  of  carboxylic  acids  with  esters  of  phosphorous 
acid  leads  to  the  liberation  of  metallic  mercury  and  the  formation  of  die  amide  and  nitrile  of  the  carboxylic 
acid  together  with  the  phosphoric  acid  ester.  It  is  suggested  that  the  reaction  takes  place  via  an  intermediate 
stage  involving  the  formation  of  the  ester  of  the  acylimldophosphoric  acid. 
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HETEROCYCLIC  COMPOUNDS 


62.  THE  SYNTHESIS  OF  l-y  - ALKOXYPROPYL-4-PIPERIDONES 
AND  1-y  -D1ALKYLAMINOPROPYL-4-PIPERIDONES 

I.  N.  Nazarov  and  S.  M.  Makin 

A  simple  method  has  recently  been  worked  out  in  our  laboratory  for  the  synthesis  of  various  y  -piperidones 
by  the  reaction  of  ammonia  or  primary  amines  with  vinyl  propenyl  ketones  obtained  by  the  hydration  of  divinyl- 
acetylenic  hydrocarbons  in  aqueous  methanol  solutions  [1-3]: 


HO  ^ 

\  I  /S\ 

c  c 


/ 


CHo 


CH 

(!h. 


\  /S- 


/ 


c  c 


C  CH  „„„  CH  CHj 

I  II  I  I 

CH  CH  .CH  CH- 


/ 


CH 

I 

CH;, 


/ 


Xn/ 

I 

R 


CHj. 


In  this  way  a  wide  variety  of  y -piperidones  may  be  prepared  with  mono-,  di-  and  polycyclic  structures, 
containing  different  aliphatic,  alicyclic  and  aromatic  radicals  In  the  piperidine  ring  [4-6]. 

Taking  into  consideration  the  great  Importance  of  y  -piperidones  for  the  synthesis  of  new  physiologically 
active  compounds,  showing,  in  particular,  a  powerful  pain-relieving,  anesdietic  and  antispasmodic  action,  we 
have  now  studied  the  reaction  of  vinyl  propenyl  ketones  with  y  -dialkylaminopropylamines.  y  -alkoxypropyl- 
amines  and  y -ethylmercaptopropylamine,  which  are  readily  obtained  from  acrylonitrile  according  to  the  follow¬ 
ing  scheme: 


RgNCHoCHjCN 


M  •  Nt 

RaNCHjCHaCHjNHj  |’] 


CH2=CH-CN 


ROH 


ROCH2CH2CN  ROCH2CH2CH2NH2  [8] 

C,Hr.SCH9CH2CNI«|  (c-riVoHXNio  C2HBSCH2CH2CH9NH2. 


It  turned  out  that  the  various  vinyl  propenyl  ketones  react  with  the  above  amines  even  more  readily  than 
with  ordinary  alkylamines,  giving  the  corresponding  y -piperidones  in  yields  of  up  to  907o: 
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Instead  of  vinyl  propenyl  ketones,  the  corresponding  B  -methoxyketones,  formed  as  a  result  of  the  addition 
of  methanol  to  the  vinyl  propenyl  ketones  (in  die  process  of  hydration  of  the  diene- ines  in  aqueous  methanol  so¬ 
lutions)  may  be  used  in  this  reaction  with  equal  success. 


In  this  way  we  have  prepared  more  than  twenty  new  y -piperidohes  and  2-methyl-4-ketodecahydroquino- 
lines  of  the  following  three  types: 
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The  y -piperidones  obtained  will  later  be  used  for  the  synthesis  of  various  piperidine  derivatives  with  the 
aim  of  finding  new  physiologically  active  compounds  and  medicinal  products. 

It  is  interesting  to  note  that  the  reactions  of  the  fl -methoxyketones  with  the  above  amines  takes  place 
readily  even  at  room  temperature,  but  only  in  the  presence  of  water  (yield  of  y  -piperidones  70-90"/o),  whereas 
in  anhydrous  conditions  the  reaction  takes  place  with  great  difficulty  and  is  not  complete  even  after  prolonged 
heating  (yield  of  y -piperidones  20-30%).  The  same  powerful  accelerating  influence  of  water  on  similar  reac¬ 
tions  has  been  observed  earlier  in  a  number  of  different  examples  [6]. 

Unlike  the  3 -methoxyketones,  but  in  the  same  way  as  the  a  ,  B -unsaturated  ketones,  the  vinyl  propenyl 
ketones  themselves  react  readily  with  amines  in  anhydrous  conditions  also.  Consequently,  the  role  of  water  in 
these  reactions  is  explained  by  the  fact  diat  it  facilitates  the  removal  of  the  alcdiols  from  the  B -alkoxyketones 
with  the  formation  of  die  a  ,  B -unsaturated  ketones,  which  then  react  with  the  amines.  The  fact  that  the  alcohols 
are  removed  from  the  B -alkoxyketones  under  the  influence  of  aqueous  solutions  of  amines  at  room  temperature 
has  been  established  in  our  laboratory  for  a  number  of  examples  [6].  The  cyclization  of  vinyl  propenyl  ketones, 
and  also  of  the  B  -liJkoxyketones  corresponding  to  them,  takes  place  more  readily,  the  greater  the  basic  strength 
of  die  primary  amine  taken  for  the  reaction  with  these  ketones.  The  reaction  takes  place  most  readily  with  y  - 
dialkylaminopropylamines  (at  room  temperature,  yield  up  to  90%)  and  widi  greatest  difficulty  with  aniline  and 
odier  primary  aromatic  amines  [6].  In  die  latter  case  the  reaction  may  stop  at  die  stage  of  the  addition  of  the 
amine  to  the  double  bond  with  the  formation  of  the  corresponding  open-chain  aminoketone. 
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Several  of  the  y  -plperidones  prepared  by  us  were  reduced  to  the  corresponding  piperidine  bases  using  hy' 
drazine  hydrate  (according  to  KiThner  [10]): 
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EXPERIMENTAL 

Propenyl  isopropenyl  ketone  and  the  corresponding  methox^etones  (b.p,  57-63*  at  10  mm,  nf5  1.4520) 
were  obtained  by  the  hydration  of  vinylisoprop.enylacetylene  in  aqueous  methanol  solutions  in  die  presence  of 
mercuric  sulfate,  as  described  earlier  [1]. 

5-Medryl-2,  5-heptadicne-4-one  (b.p.  72-75*  at  7  mm,  np  1.4825)  [2],  was  prepared  similarly  be  dehy¬ 
dration  of  5-methyl-l,  5-heptadiene-3-ine, 

Propenyl  A'-cyclohexenyl  ketone  (b.p.  105-107*  at  7  mm,  n^  1.5160)  was  prepared  by  hydration  of  vinyl- 
A'-cyclohexenylacetylene  [3]. 

8  -Dialkylaminopropionitriles 

320  g  of  freshly  distilled  acrylonitrile  was  added  in  small  portions  with  uninterrupted  stirring  to  1  kg  of 
35%  aqueous  methylamine  solution  at  such  a  rate  that  the  reaction  temperature  remained  steady  at  40-45*. 

When  all  the  acrylonitrile  had  been  added,  the  reaction  mixture  was  left  at  room  temperature  for  40  minutes 
and  then  saturated  with  alkali.  The  oil  which  rose  to  the  surface  was  removed,  die  aqueous  layer  extracted  with 
ether  and  the  product  dried  with  ignited  sodium  sulfate.  492  g  (82%)  of  8 -dimethylaminopropionitrile  with  b.p. 
169-172*  was  obtained  after  distillation. 

In  the  same  way  good  yields  were  obtained  of  8 -diethylaminopropionitrile  with  b4>,  86-88*  (20  mm)  [5] 
and  8 -(N-piperidyl)-propionitrile  widt  b.p.  114-115*  (18  mm)  [11]. 

8-Alkoxypropionit  riles 

180  g  methyl  alcohol  was  added  in  small  portions  with  unintermpted  stirring  to  a  mixture  of  225  g  acry¬ 
lonitrile  and  several  drops  of  concentrated  sodium  medioxide  prepared  by  dissolving  1.5  g  metallic  sodium  in 
20  ml  methyl  alcohol  and  then  evaporating  in  vacuo  to  %  of  the  initial  volume,  the  addition  of  the  methyl  al¬ 
cohol  taking  place  at  such  a  rate  that  the  reaction  temperature  did  not  exceed  40-45*.  The  mixture  was  left 
overnight  at  room  temperature  and  next  day  it  was  acidified  with  acetic  acid  and  distilled.  288  g  (80.5%)  8- 
methoxypropionitrile  with  b.p.  162-164*  was  obtained  [8]. 

The  following  nitriles  were  obtained  in  the  same  way  [8];  8  -ethoxyprc^ionitrile  with  b.p.  169-172*  (yield 
78%),  8 -n-propoxypropionitrile  with  b.p.  85-89*  at  24  mm  (yield  95%),  8 -n-butoxyprc^ionitrile  with  b.p.  74- 
75*  at  10  mm  (yield  85.5%),  8 -ethylmercaptopropionitrile  with  b.p.  100*  at  13  mm  (yield  95%). 

y  -Alkoxypropylamines 

425  g  8  -mc'thoxypropionitrile  (b.p.  163-164*)  was  dissolved  in  500  ml  metfiyl  alcohol,  saturated  with  am¬ 
monia  with  cooling  by  a  mixture  of  snow  and  salt  and  then  hydrogenated  in  an  autoclave  over  Raney  nickel  cat¬ 
alyst  (25  g)at  a  temperature  of  95-100*  and  a  hydrogen  pressure  of  90-120  atm.  The  theoretical  quantity  of  hy¬ 
drogen  was  absorbed  in  2  hours.  Repeated  distillation  of  the  product  in  a  Favorsky  flask  with  fractionating  column 
of  height  30  cm  yielded  270  g  (63.5%)  y -methoxypropylamine  with  b.p.  117-119r  (734  mm). 
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The  following  amines  were  obtaini'd  In  the  same  way  [BJ:  y  “ethoxypropylamlne  with  b.p.  133-136* 

(yield  ROJfc),  y -n-propoxypropylamlnc  with  b.p.  Ifi3-156*  (yield  50%),  y -n-butoxypropylamine  with  b.p.  74-76* 
al  21  nim  (yield  71%). 

y  -  (Ethylmercapto)-p ropy ^_m_lji c 

40  g  metallic  sodium  was  dispersed  using  a  mechanical  stirrer  in  150  ml  anhydrous  toluene  at  105*  in  a 
three-necked  flask  fitted  with  tefhix  condenser  and  dropping- funnel.  36  g  of  8 -ethylmercaptopropionitrile  in 
200  ml  anhydrous  ethyl  alcohol  was  then  added  with  vigorous  stirring  over  a  period  of  45  minutes.  To  dissolve 
tlie  unreacted  metallic  sodium,  a  further  50  ml  ethyl  alcohol  was  added  and  150  ml  water  added  to  the  mixture. 
The  reaction  mass  was  acidified  to  congo  ted  with  hydrochloric  acid  and  the  alcohol  and  the  greater  part  of  the 
water  distilled  off  in  vacuo.  The  residue  was  washed  with  ether  and  treated  with  solid  alkali.  The  reaction  prp- 
duct  was  carefully  extracted  with  ether  and  dried  with  ignited  sodium  sulfate.  Vacuum  distillation  yielded  10.1 
g  (28%)  of  y -(ethylmercapto)-propylamine  with  b.p.  86- 8T  (23  mm). 

n”  1.4855,  dfj  0.93  7  0,  MR  36.48;  calc.  36.78. 

FOTnd  %:  N  11.44,  11.52.  C5H13NS.  Calculated  %:  N  11.76 

y  -  Dialkylaminopropylamines 

465  g  8 -dimethylaminopropionitrile  (b.p.  169-172*)  was  dissolved  in  500  ml  methyl  alcohol  and  saturated 
widi  ammonia  (40  g)  with  cooling  by  a  mixture  of  ice  and  salt.  The  mixture  was  then  placed  in  an  autoclave 
of  2.5  liters  capacity  and  hydrogenated  over  Raney  nickel  catalyst  (20  g)  at  90-100*  and  a  hydrogen  pressure  of 
100-110  atm.  The  theoretical  quantity  of  hydrogen  was  absorbed  in  2  hours. 

Repeated  distillation  of  the  product  yielded  320  g  (68.8%)  of  y -dimethylaminopropylamine  with  b.p. 
130-133*  [7]. 

y -Dietfiylaminopropylamine  with  b.p.  168-17(f  (yield  65%)  and  y -(N-piperidyl)-propylamine  with  b.p. 
82-85*  at  10  mm  (yield  50%)  were  obtained  in  the  same  way. 

l-(y  -Dimethylamino)-  p^r  o  p  yl-2,  5-dime  thyl-4-  p  i  peridone  [1.  X=(CH3)tN] 

1)  A  solution  of  13  g  of  propenyl  isopropenyl  ketone  and  its  corresponding  methoxyketones  (b.p.  57-62" 
at  10  mm;  n^  1.4520)  in  10  ml  methyl  alcohol  was  added  over  a  period  of  5  minutes  to  a  solution  of  10  g  y  - 
dimediylaminopropylamine  in  10  ml  water.  The  temperature  of  the  reaction  mixture  rose  to  50*.  The  mixture 
was  then  heated  on  a  water  bath  at  90*  for  8.5  hours,  cooled  with  cold  water  and  acidified  to  Congo  red  with  di¬ 
lute  hydrochloric  acid  (1 : 1).  The  mediyl  alcohol  was  distilled  off  in  vacuo  and  the  neutral  products  extracted 
with  edier.  The  acidified  aqueous  layer  was  cooled  with  ice  water,  saturated  with  solid  caustic  potash  and  again 
extracted  widi  three  portions  of  ether.  The  ether  extract  was  dried  with  ignited  sodium  sulfate,  the  edler  dis¬ 
tilled  off  and  the  product  vacuum  distilled.  This  yielded  11  g  (64%)  of  l-(y  -dimethylamino)-propyl-2,  5-di- 
mediyl-4-piperidone  in  the  form  of  a  colorless  liquid: 

b.p.96-9r  (2.5  mm),  nJJ  1.4726,  d|J  0.9369,  MR  63.53;  calc.  63.33. 

Found  %:  N  12.91,  12.93.  Ci2Hi40N,.  Calculated  %:  N  13.19. 

The  dihydrochloride  of  this  piperidone  was  prepared  by  the  action  of  dry  hydrogen  chloride  on  an  ethereal 
solution  of  the  base.  After  two  recrystallizations  from  alcohol  it  had  m.p.  187-188*. 

2)  A  mixture  of  18.3  g  y  -dimethylaminq>ropylamine,  29  g  propenyl  isopropenyl  ketone  and  the  corres¬ 
ponding  methoxyketones,  18  ml  water  and  18  ml  methyl  alcohol  was  left  at  room  temperature  for  6  hours.  The 
mixture  was  then  made  weakly  acid  to  congo  red  widi  dilute  hydrochloric  acid  (1 ;  1)  and  treated  as  in  the  pre¬ 
vious  experiment. 

Yield  33  g  (87%)  l-(y -dimethylamino)-propyl-2,  5-dimethyl-4-piperidone  with  b.p.  96-99*  (2.5  mm), 
n”  1.4728. 

3)  A  mixture  of  13  g  propenyl  isopropenyl  ketone  and  tfie  corresponding  methoxyketones,  20  ml  anhydrous 
methyl  alcohol  and  10  g  y  -dimethylaminopropylamine  was  heated  at  90-93*  for  8.5  hours  and  treated  as  in  the 
previous  experiment. 


Two  distillations  of  the  basic  products  yielded  4.8  g  (28<’/o)  l-(y-dimethylamino)-propyl-2,  S-dimethyl- 
4*piperidone  with  b.p.  94-96*  (2  mm),  1.4728. 

5.5  g  of  unreacted  methoxyketones  with  b.p.  60-62*  at  9  mm  was  recovered  from  the  neutral  products  in 
this  experiment. 

It  should  be  noted  that  all  the  l-(dlmethylamino)-propyl-4-piperidones  prepared  by  us  have  an  irritating 
action  on  the  skin. 

l-(y  -  Diethylamlno)-propyl-2,  5-dime  thyl-4  piperldone  [I ,  X  =  (C|H5  )|  N  ] 

A  mixture  of  10  g  y  -diethylaminopropylamine,  12  g  propenyl  isopropenyl  ketone  and  the  corresponding 
metfioxyketones,  10  ml  water  and  10  ml  methyl  alcohol  was  left  at  room  temperature  for  8  houis. 

The  usual  treatment  yielded  14.2  g  (77%)  l-(  y-diethylamlno)-propyl-2,  5-dimethyl-4-piperldone: 

b.p.  118-12(r  (2  mm),  n”  1.4678,  dfj  0.9146,  MR  72.98;  calc.  72.56. 

Found  %:  N  11.84,  11.7^  Ci^iaON,.  Calculated  %:  N  11.66 

l-(y  -  N-Plperidyl)-propyl-2  ,  5  -  d  i  me  th  y  1  -  4  -  p  tper  id  one  [I,  X  =  (CHa)  N] 

A  mixture  of  10.2  g  y -{N-piperidyl)-propylamine,  10  g  propenyl  isopropenyl  ketone  (b.p.  47-50*  at  12 
mm,  Oq  1.4680),  10  ml  water  and  10  ml  methyl  alcohol  was  left  at  room  termperature  for  24  hours. 

The  usual  treatment  yielded  10.5  g  (57.5%)  of  l-(y  -N- plperidyl)-propyl-2,  5-dimethyl-4-plperIdone; 

b.p.  126-12r  (1  mm),  ng  .1.4885,  d|S  0.9717,  MR  74.90;  calc.  74.96. 

Found  %:  N  11.30,  11.21  CigHagON*.  Calculated  %:  N  11.10. 

l-(y  -  Meth  oxy )-  propyl-  2  ,  5-dimethyl-4-plperldone  (I ,  X  =  CHg  O) 

A  mixture  of  14  g  propenyl  isopropenyl  ketone  and  the  corresponding  methoxyketones,  10  g  y-methoxy- 
propylamine,  10  ml  water  and  10  ml  methyl  alcdiol  was  left  at  room  temperature  for  4  hours  and  then  heated 
at  50-55*  for  2  hours.  The  usual  treatment  yielded  16.7  g  (75%)  of  l-(y  -methoxy)-propyl-2,  5-dimethyl-4- 
piperidone:  ' 

b.p.  110-111*  (3  mm),  nJ5  1.4547,  d|g  0.9564,  MR  56.21;  calc.  56.38. 

Found%:  N  7.20,  7.12.  CnHjAN.  Calculated  %:  N  7.03. 

When  an  ethereal  solution  of  this  piperidone  was  saturated  with  dry  hydrogen  chloride,  the  hydrochloride 
separated  in  the  form  of  an  oil  which  crystallized  slowly  on  prolonged  standing  in  ether.  After  recrystallization 
from  acetone  the  l-(y -methoxy)-propyl-2,  5-dimethyl-4-piperidone  hydrochloride  melted  at  133-134*. 

l-(y-Methoxy)  propyl-2,  5-dimethy4)iperidine.  A  mixture  of  11  g  l-(y -methoxy)- propyl- 2,  6-dlmetliyl- 
4-piperldone  (b.p.  105- lOT  at  3  mm),  17  g  hydrazine  hydrate,  25  ml  ethyl  alcohol  and  5  ml  water  was  heated 
for  5  hours  at  70-75*.  The  alcohol  was  then  renvoved  in  vacuo,  the  residue  treated  with  alkali,  extracted  with 
ether  and  dried  with  fused  alkali.  After  drying,  the  ether  was  distilled  off,  the  residue  placed  in  a  flask  fitted 
with  a  reflux  condenser  and  heated  for  3  hours  at  150-160*  widi  a  small  quantity  of  caustic  potash  hiscd  in  a  silver 
crucible  (Kizhner  catalyst).  A  vigorous  evolution  of  nitrogen  took  place  from  the  decomposition^of  thehydrazone. 
The  residue  from  die  decomposition  was  extracted  with  dry  ether  and  vacuum  distilled. 

Yield-5.5  g  (53%)  l-( y -methoxy)- propyl-2,  5-dlmethylpiperldine: 

b.p.  60-62*  (2.5  mm),  nj®  1.4520,  d|J  0.8874,  MR  56.35;  calc.  56.38. 

Found  %;  N  8.01,  7.92.  CuHijON.  Calculated  %:  N  7.56. 

l-(y  -Dimethoxy)- propyl- 2,  5-dimethylpiperidine  hydrochloride  was  prepared  in  the  usual  way.  After  re¬ 
crystallization  from  acetone  it  melted  at  131.5-133*. 

1  -  (y  -  Ethoxy )- p  rop  yl- 2  ,  5-dimethyl-4-piperldone  (1,  X  =  C2HsO) 

A  mixture  of  12  g  y- ethox)rpropylamine,  18  g  propenyl  isopropenyl  ketone  and  the  corresponding  methoxy¬ 
ketones,  12  ml  water  and  15  ml  methyl  alcohol  was  left  for  3  hours  at  room  termperature  and  then  heated  for  2.5 
hours  at  50*. 
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The  usual  treatment  yielded  15/2  g  (()H.7^)  of  l-(>  -ethoxy)- propyl- 2,  5-dimethyl-4-piperidone: 

b.p.  116-llfr  (2.5  mm),  1.4554 ,  il*®  0.9468,  MM  61,09;  rale.  61.00. 

Found  70:  N  6.68,  6.88.  Calculated '7,.;  N  6.57. 

Hydrochloride- oily  liquid  whirli  did  iiol  crystallize. 

l-(y  -  Ethoxy)- propyl- 2,  5-dimcihylplperidiiie.  5.4  g  J -(y -ethoxy)- propyl- 2,  5-dimethyl-4-piperidoue 
(b.p.  98-100*  at  1.5  mm ,  n^  1.4554)  was  mixed  with  10  ml  hydrazine  hydrate,  10  ml  ethyl  alcohol  and  4  ml 
water.  The  mixture  was  heated  on  a  water  hath  at  70-75*  for  5  hours.  The  alcohol  was  then  distilled  off  in  vacuo 
and  the  residue  treated  with  solid  alkali.  The,  oil  which  rose  to  the  surface  was  extracted  with  ether  and  care¬ 
fully  dried  with  fused  alkali.  The  decomposition  of  the  hydrazonc  was  carried  out  as  In  the  previous  experiment. 
After  distillation,  2.1  g  (41.57o)  l-( y -ethoxy)- propyl-2,  5-dimethylpiperidine  was  obtained: 

b.p.  58-6(f  (2  mm),  n”  1.4524,  d|J  0,8790,  MR  61.20;  calc.  61.00. 

Fotind  7o:  N  6,86,  6.74.  C12H25ON.  Calculated  7,:  N  7.03. 

Hydrochloride  -  an  oily  liquid  which  did  not  crystallize. 

1  -  (y  -  n  -  Propoxy)- propyl- 2  ,  5-dimethyl  4-plperidone  [I,  X=n— C3H7 

A  mixture  of  12  g  y-n  propoxypropylamine.  16  g  propenyl  isopropenyl  ketone  and  the  corresponding  meih- 
oxyketones,  12  ml  water  and  15  ml  methyl  alcohol  was  left  for  3  hours  at  room  temperature  and  then  heated  for 
2.5  hours  at  50-55*. 

The  usual  treatment  yielded  15.6  g  (677o)  of  l-( y -n-propoxy)-propyl-2,  5-dimethyl-4-piperidone: 

b.p.  117-119*  (1.5  mm).  ni5  1.4545,  d|J  0.9357,  MR  65.81;  calc.  6 5.61. 

Found  7o:  N  6.40,  6.32.  CuHjsOiN.  Calculated  N  6.17. 

Hydrochloride- an  oil  which  did  nor  crystallize. 

1  -  (y  -  n- Butoxy)- propyl- 2  ,  5-di  m  e  th  y  1  -  4  -  p  ipe  t  id  one  [1,  X  =  n-C4HgO  ]_ 

A  mixture  of  15  g  y -n-butoxypropylamine,  19  g  propenyl  isopropenyl  ketone  and  its  corresponding  meth- 
oxyketones,  15  ml  water  and  15  ml  methyl  alcohol  was  left  to  stand  for  3  hours  at  room  temperature  and  then 
heated  for  2.5  hours  at  50-55*.  The  usual  treatment  yielded  17.9  g  (657o)  of  l-(  y -n-butoxy)-propyl-2,  5-dimethyl 
4-piperidone: 

b.p.  127-129r  (2  mm),  np  1.4494.  d|J  0.9171,  MR  70.48;  calc.  70.25. 

Found  7):  N  6.05,  5.89.  Ci4H270iN.  Calculated  7o:  N  5.81. 

Hydrochloride— an  oil  which  did  not  crystallize. 

1  -  (y  -  Ethylmercapto)-propyl  -  2  ,  5-di  methyl- 4- piperidone  [I,  X  =  C2H5S] 

A  mixture  of  10  g  freshly  distilled  propenyl  isopropenyl  ketone  (b.p.  62-63*  at  24  mm),  8.2  g  y-ethylmer- 
captopropylamine  (b.p.  182-187*),  10  ml  methyl  alcohol  and  8  ml  water  were  left  to  stand  at  room  temperature 
for  5.5  hours  and  then  heated  for  1.5  hours  at  50-60°. 

After  the  usual  treatment  10.8  g  (687o)  of  l-(  y -ethylmercapto)-prq)yl-2,  5-dimethyl-4-piperidone  was 
obtained: 

b.p.  117-118*  (1.5  mm).  nJJ  1.4915,  djJ  0.9896.  MR  67.18;  calc.  67.43. 

Found  7>:  6.49,  6.37.  Cj2n230NS.  Calculated  %:  N  6.10. 

Picrate-an  oil  which  did  not  crystallize. 

1  -  (  y  -  l)iinethylamino)-propyl-2  ,  5,  6-trim  ethyl-4-piperidone  [II,  X  =  (CH3)2N] 

A  mixture  of  10  g  y -dimethylaminopropylamine,  16  g  5-methyl-2,  5-heptadiene-4-onc  (b.p.  72-75*  at 
7  mm),  10  ml  water  and  20  ml  methyl  alcohol  was  left  to  stand  at  room  temperature  for  6  hours  and  dien  heated 
for  40  minutes  at  50-60".  After  the  usual  treatment  the  product  was  vacuum  distilled.  Yield-  15.8  g  (72'’/o)  of 
l-(y  -dlmctliylamino)- propyl-2,  5,  6-trimethyl-4-piperidone: 
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b.p.  104-106*  (1.5  mm),  nj®  1.4742,  d|g  0.9420,  MR  67.53;  calc.  67.91. 

Found N  12.64,  12.50.  C^Hj^ONj.  C  ulculafed  N  12.45. 

1  -  (y  -  Die  thy  lam  Ino)- propyl- 2  ,  5  ,  6-  trimethy  1-4-plperidone  [11,  X  =  Ci  HsliN] 

A  mixture  of  8  g  y -dlethylamlnopropylamine,  10  g  5-methyl-2,  5-heptadlene-4-one,  10  ml  water  and 
15  ml  methyl  alcdiol  was  left  for  6  hours  at  room  temperature  and  then  heated  for  40  minutes  at  50-6(r. 

After  the  usual  treatment  and  vacuum  distillation,  11.9  g  (71.5'^J>)  of  l-(y  -dlethylamlno)-propyl-2,  5,  6- 
trlmethyl-4-plperldone  was  obtained: 

b.p.  112-113*  (1.5  mm),  ng  1.4736,  dg  0.9309,  MR  76.67;  calc.  77.16. 

Found  N  11.12,  11.30.  C15H30ON2.  Calculated  N  11.02. 

1  -  (y  -  Me  thox  y )- propy  1- 2  ,  5,  6  -  t  r  1  m  e  th  y  1  -  4  -  p  Iper  Id  one  [II,  X.=  CHgO] 

A  mixture  of  10  g  y -methoxypropylamine,  16  g  5-methyl-2,  5-heptadiene-4-one,  10  ml  water  and  10  ml 
methyl  alcohol  was  left  at  room  temperauter  for  5  hours  and  then  heated  for  1  hour  at  50-55*. 

After  the  usual  treatment  and  vacuum  distillation,  16.9  g  (71%)  of  l-(y-methoxy)-propyl-2,  5,  6-trlmethyl- 
4-plperidone  was  obtained: 

b.p.  97-98*  (1.5  mm),  ng  1.4700,  d|g  0.9770,  MR  60.85;  calc.  61.00. 

Found  %:  N  6.83,  6.88.  CKHjsOfeN.  Calculated  %:  N  6.57. 

1  -  ( y -Ethoxy)- propyl- 2  ,  5,  6  -  t  r  im  e  thy  1- 4  -  pipe  r  id  one  [II,  X  =  C2H50] 

A  mixture  of  10  g  y -ethoxypropylamine,  15  g  5-methyl-2,  5-heptadiene-4-one,  10  ml  water  and  10  ml 
methyl  alcohol  was  left  to  stand  for  5  hours  at  room  temperature  and  then  heated  for  1  hour  at  50  55*. 

Yield- 15.6  g  (70%)  of  l-(y -ethoxy)-propyl-2,  5,  6-trlmethyl-4-piperidone: 

b.p.  110-111*  (2  mm),  ng  1.4672,  d|J  0.9633,  MR  65.46;  calc.  65.61. 

Found  %:  N  6.17,  6.39.  CiaHagOfeN.  Calculated  %:  N  6.17. 

I  -  ( y  -  n  -  P  ropoxy )- prop  yl- 2  ,  5,  6  -  t  r  im  e  th  y  1  -  4  -  p  ipe  r  id  one  [II,  X  =  n-C3HTOJ 

A  mixture  of  10  g  y -n-propoxypropylamine,  15  g  5-methyl-2,  5-heptadiene-4-one,  10  ml  water  and  18 
ml  methyl  alcohol  was  left  to  stand  for  6  hours  at  room  temperature  and  then  heated  for  2.5  hours  at  50-55*. 

Yield- 15  g  (73%)  of  l-( y -n-propoxy)- propyl-2,  5,  6- trimethyl- 4- piperidone; 

b.p.  111-112*  (1.5  mm),  ng  1.4645,  d|J  0.9510,  MR  70.04;  calc.  70.24. 

Found  %:  N  5.89,  5.89.  Ci4H270S[N.  Calculated  %:  N  5.81. 

1’  (y~n~Butoxy)  propyl-2,  5,  6  -  t  r  im  e  thy  1- 4  -  p  Ipe  r  Id  one  [II ,  X-=n-C4H90] 

A  mixture  of  10  g  y  -n-butoxypropylamine,  15  g  5-methyl-2,  5-heptadiene-4-one,  12  ml  wafer  and  20  nil 
methyl  alcohol  was  left  to  stand  for  6  hours  and  then  heated  for  2.5  hours  at  50-55*. 

Yield- 13.6  g  (70%)  l-( y -n-butoxy)-propyl-2,  5,  6-trimethyl-4-piperfdone: 

b.p.  119-12cr  (2  mm),  ng  1.4638,  d|J  0.9411,  MR  74.80;  calc.  74.85. 

Found  %:  N  5.65,  5.73.  C^HagOiN.  Calculated  %:  N  5.49. 

1  ■  (y  ~  P 1  to  e  thy,lam  1  no )  p  rop  y  1- 2  -  m  e  th  y  1  -  4  -  ke  tode  c  ah  y  d  roqu  1  noline  [III,  X~(C  1 1 3  )|  N  | 

A  mixture  of  20  g  y  -dimethylaminopropylamine,  23.2  g  propenyl  A*-cyclohexenyl  ketone  (b.p.  I05  ioT 
at  7  mm),  20  ml  water  and  25  ml  methyl  alcohol  was  left  at  room  temperature  for  4  hours  and  then  lieaied  for 
30  minutes  on  the  water  bath  at  5(f . 

The  usual  treatment  yielded  39  g  (80%)  of  l-(  y -diinethylaiiiino)-propyl-2-methyl-4-ketodecahydroqiiliio 

line: 
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b^).  138-140*  (2.5  mm),  ng  1.4958,  d|J  0.9884,  MR  74.56;  calc.  74.85. 

Found  %  N  11.27,  11.45.  CkHiiON*.  Calculated  %  N  11.10. 

l-(y  -  Die'thy  lam  Ino)- prof^  y  1- 2  -  me  thy  1- 4  -  ke  todecahydroquinollne  [III,  X  =  (CtHB)tNJ 

A  mixture  of  8  g  y -diethylaminopropylamlne,  11  g  propenyl  A'-cyclohexenyl  ketone,  10  ml  water  and  12 
ml  methyl  alcohol  was  left  at  room  temperature  for  4  hours  and  then  heated  for  20  minutes  at  50-55*. 

The  usual  treatment  yielded  13.8  g  (81‘55))  l-(y -diethylamino)-propyl-2-methyl-4-ketodecahydroquinoline! 

b4).  146- 14r  (2  mm),  ng  1.4925,  d|^  0.9719,  MR  83.80;  calc.  84.19. 

Found  °loi  N  10.31,  10.27.  CpHsoONj.  Calculated  °]oi  N  10.00. 

1  -  (y  -  N  -  P  ipe  rid  y  1)- p  ropy  1- 2  me  thy  1- 4  -  ke  t  odec  ah  yd  roqu  ino  line  [Ill,  X=(CH2)sN] 

A  mixture  of  10  g  y -(N-piperidyl)-propylamine,  13  g  propenyl  A’-cycl6hexenyl  ketone,  10  ml  water  and 
13  ml  methyl  alcohol  was  left  at  room  temperaute  for  3  hours  and  then  heated  on  the  water  bath  at  6(f  for  1  hour. 

After  6ie  usual  treatment  and  vacuum  distillation  of  the  product,  13.2  g  (64.570)  of  l-(y-N-piperidyl)- 
propyl-2-methyl-4-ketodecah  yd  roqu  ino  line  was  obtained: 

b.p.  159-161*  (2  mm),  nJJ  1.4963,  d|S  0.9854,  MR  86.73;  calc.  86.61. 

Found  7>:  N  9.29,  9.67.  CiaHajONj.  Calculated  7o:  N  9.57. 

l-(y  -  Methoxy)-pro pyl-2-methyl-4-ketodecahydroquinoline  [111,  X  =  CH30] 

A  mixture  of  10  g  y -methoxypropylamine,  18  g  propenyl  A'-cycl6hexenyl  ketone,  10  ml  water  and  15  ml 
methyl  alcohol  was  left  at  room  temperature  for  6  hours.  The  reaction  mixture  was  then  acidified  to  congo  red 
with  dilute  hydrochloric  acid,  die  methyl  alcohol  distilled  off  in  vacuo,  the  neutral  products  extracted  and  the 
solution  saturated  with  alkali.  The  oil  which  rose  to  the  surface  was  extracted  several  times  with  ether,  dried 
with  ignited  sodium  sulfate  and  vacuum  distilled. 

YIeld-22.1  g  (82.5^)  l-(y -methoxy)-propyl-2-methyl-4-ketodecahydroqulnoline: 

b.p.  134-135*  (2.5  mm),  ng  1.4951,  d|S  1.0219,  MR  68.42;  calc.  68.04. 

Found  N  5.97,  6.00.  Ci4H23C)iN.  Calculated  N  5.87. 

The  picrate  was  obtained  by  mixing  alcoholic  solutions  of  the  base  and  picric  acid.  After  recrystallization 
from  alcohol  it  melted  at  133-135*. 

Found  7>:  N  11.85,  11.59.  C,oH2g09N4.  Calculated  7o:  N  11.95. 

l-(y  -  Ethoxy)-propyl  -  2-methyl-4-ketodecahydroquinoline  [111,  X  =  C2H50] 

A  mixture  of  10  g  y -ethoxypropylamine,  17  g  propenyl  A’-cyclohexenyl  ketone,  10  ml  water  and  15  ml 
methyl  alcohol  was  left  for  6  hours  at  room  temperature  and  then  treated  as  in  the  previous  experiment. 

Yield— 20  g  (81.77o)  l-(y -ethoxy)-propyl-2-methyl-4-ketodecahydroquinoline: 

b.p.  140-142*  (2.5  mm),  ng  1.4880.  dfj  1.0075,  MR  72.33;  calc.  72.66. 

Found  N  5.52,  5.39.  Ci5H250iN.  Calculated  7>:  N  5.52. 

1  - ( y  -  Ethoxy)- propyl- 2 - methy Idecahyd roquinoline .  15  g  hydrazine  hydrate,  30  ml  ethyl  alcohol  and  5  ml 
water  were  added  to  10  g  of  l-(y -ethoxy)-propyl-2-methyl-4-ketodecahydroquinolIne  (b.p.  140-142®  at  2  mm, 
np  1.4870).  The  mixture  was  heated  for  5  hours  at  75-80*,  the  alcohol  distilled  off  in  vacuo,  the  residue  treated 
with  alkali  and  the  reaction  product  extracted  with  ether.  The  ether  extract  was  carefully  dried  with  fused  alkali, 
die  ether  distille'd  bff  and  the  hydrazone  left  was  decomposed  with  Kizhner  catalyst  at  150  160*  for  5  hours.  The 
product  was  extracted  with  dry  ether  and  vacuum  distilled. 

Yield- 7.0  g  (747))  l-(  y -etlioxy)-propyl-2-methyldecahydroqulnoline: 

b.p.  119*  (3  mm).  nJJ  1.4  795,  d|g  0.9380,  MR  72.41;  calc.  72.65. 

Found  '/o:  N  5.75,  6.15.  Cj5H290N.  Calculated  N  5.85. 
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The  hydrochloride  was  prepared  by  the  action  of  hydrogen  chloride  on  an  ethereal  solution  of  the  base. 

After  two  recrystallizations  from  acetone  it  melted  at  120- 122* . 

}  -(y  -n-Propoxy)-propyl- 2- methyl-4- ketodecahydroqulnoline  [III,  X  =  n-CgHTO] 

A  mixnire  of  10  g  y  -n-propdxypropylamine,  14  g  propenyl  A’-cyclohexenyl  ketone,  10  ml  water  and  16 
ml  methyl  alcohol  was  left  for  5  hours  at  room  temperature  and  then  heated  for  30  minutes  at  60-55*, 

The  usual  treatment  yielded  19  g  (88*^0)  of  l-(y -n-propoxy)-propyl-2-methyl-4-ketodecahydroqulnollne: 

b.p.  142-143*  (2  mm),  n55  1.4885,  d|J  0.9940,  MR  77.16;  calc.  77.27 
Found N  6.33,  6.18.  CigHiTOfeN.  Calculated  N  5.24. 

l-(y  -  n-Butoxy)-propyl"2-me thyl-4-ketodecahydroqulnollne  [111,  X  =  n-C4HBO] 

A  mixture  of  10  g  y -butoxypropylamlne,  13  g  propenyl  A*  -cyclohexenyl  ketone,  10  ml  water  and  16  ml 
methyl  alcoliol  was  left  for  5  hours  at  roohi  temperature  and  then  heated  for  30  minutes  at  50-55*. 

The  usual  treatment  yielded  16.6  g  (74.5%)  l-(  y -n-butoxy)-propyl-2-niethyl-4-ketodecahydroquinollne: 

b.p.  151-152*  (2.5  mm),  nf5  1.4856,  d|J  0.9856,  MR  81.00;  calc.  81.91. 

Found  %:  N  4.94,  5.17.  CitHwOsN.  Calculated  %:  N  5.00. 

SUMMARY 

l-y-alkoxypropyl-4-piperidones,  1-y -alkylmefcaptopropyl-4-piperldones  and  1-y -dIalkylamlnopropyl-4- 
plperidones  have  been  prepared  In  good  yield  (70-90%)  by  the  action  of  y -alkoxypropylamlnes,  y -alkylmercapto- 
propylamlnes  and  y -dlalkylaminopropylamines  on  vinyl  propenyl  ketones  or  the  corresponding  B -methoxyketones 
formed  as  the  result  of  the  addition  of  methanol  to  the  vinyl  propenyl  ketones. 

The  above  reaction  with  0 -methoxyketones  takes  place  readily  only  In  the  presence  of  water.  In  this  way 
more  than  twenty  y -piperldones  and  2-methyldecahydroqulnolines  containing  y -alkoxypropyl,  y -alkylmercapto- 
propyl  and  y -dialkylamlnopropyl  radlcab  on  the  nitrogen  atom  have  been  prepared  for  the  first  time. 
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HETEROCYCLIC  COMPOUNDS 


53.  SYNTHETIC  PAIN-RELIEVING  MATERIALS 

XV.  THE  SYNTHESIS  OF  2,  5-piMETHYL-4-PHENYL-4-PIPERIDOLS  AND  THEIR  ESTERS, 
CONTAINING  /  -SUBSTITUTED  PROPYL  RADICALS  ON  THE  NITROGEN.  ANALOGS  OF 
PROMEDOL  AND  ISOPROMEDOL.  II. 

I.  N.  Nazarov  and  S.  M.  Makin 

In  an  earlier  communication  we  described  the  synthesis  of  y -piperidones  and  decahydroquinolines  with  y- 
alkoxypropyl,  y -alkylmercaptopropyl  and  y- dialky laminopropyl  substituents  on  tlie  nitrogen  of  the  piperidine 
nucleus  [I]: 


\ 


/CO\ 


CH 

II  II 

CH  CH-CH, 


XCH,CH,CH,NH, 


O 

II 

\/\ 


N  ^CHr, 

I 

CHjCHaCHjX 


X  =  OCH,j  OCiH,; 
SC,H,i  N{CH,)^ 


We  have  now  used  certain  of  these  y -piperidones  for  the  synthesis  of  4-phenyl-4-piperidols  and  their  esters 
(acetates  and  propionates),  which  belong,  as  is  known,  to  a  class  of  highly  active  pain-relieving  materiak. 

Up  to  the  present  time  extensive  research  has  been  carried  out  in  our  laboratory  [2]  and  ako  by  several 
authors  in  other  countries  [3]  on  die  synthesis  of  esters  of  4-phenyl  4-piperidok  with  different  alkyl  substituents 
on  the  nitrogen  of  die  piperidine  nucleus,  with  the  aim  of  finding  the  influence  of  these  substituents  on  the  phys¬ 
iological  (pain-relieving)  activity  of  these  esters. 

Considerable  interest  has  ako  been  attached  to  the  preparation  of  esters  of  4-phenyl-4-piperidok  containing 
diff(^rent  functional  groups  in  the  alkyl  radicak  attached  to  the  nitrogen  of  the  piperidine  nucleus,  widi  die  aim 
of  establishing  the  influence  of  these  groups  on  the  physiological  (pain-relieving)  activity  of  these  esters. 

l-(y -Dimethylamino)-propyl-2,  5-dimethyl-4-phenyl-4-piperidol  (II)  was  prepared  by  the  action  of  phen- 
yllithium  on  l-(y -dimethylamino)-propyl-2,  5-dimethyl-4-piperidone  (I). 

After  vacuum  distillation  the  piperidol  (II)  was  obtained  in  the  form  of  a  very  thick  liquid  with  a  light  yel¬ 
low  color.  This  alcohol  contains  3  asymmetric  carbon  atoms  in  the  molecule,  so  that  four  diastereoisomeric  forms 
are  theoretically  possible.  Repeated  attempts  to  recrystallize  this  pipeddol  in  different  ways  and  isolate  the  dif¬ 
ferent  stereoisomeric  forms  by  fractional  crystallization,  however,  have  not  led  to  the  desired  results.  When  dry 
hydrogen  chloride  was  passed  through  an  ethereal  solution  of  diisamino  alcohol,  an  amorphous  precipitate  of  the 
dihydrochloride  was  obtained,  which  rapidly  absorbed  moisture  from  the  atmosphere.  The  dihydrochloride  could 
be  partly  crystallized  with  great  difficulty  only  after  repeated  precipitation  from  alcoholic  solution  with  dry  ether. 
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CH,-/ 


CnH^^OH 


C«H^LI 


'0 

CHi-i 


'-CH3 


V 


-CH, 


CHjCHaCHjNCCHah 

(1) 


CH2CH2CH..N(CH3)2 

(H) 


We  have  tfius  been  unable  to  separate  l-(y -dimetftylamlno)-propyl-2,  5-dinietiiyl-4-phenyl-4-piperidol  (II)  Into 
•tereoisomeric  forms. 


l-(y -Methoxy)-  and  l-(y -ethoxy)-prc^yl-2,  5-dImethyl-4-phenyl-4-piperidob  (V)  and  (VI)  were  prepared 
by  the  action  of  phenyllithium  on  l-(y-methoxy)-  and  l-(7 -ethoxy)  propyl-2,  5-dImetfiyl-4-plperidones  (III) 
and  (IV). 

0 

II 

C«Hs  OH 

\/ 

C,H,LI  CH3— 

M-c„, 

[  l-CH;, 

N 

1 

CH2CH2CH2OR 

1 

CH2CH2CH2OR 

(III)  R  =  CH,. 

(IV)  r=c,h;. 

(V)  R^CHj, 

(VI)  R  =  C,H,. 

Two  steroisomeric  forms  (from  the  four  frieoretically  possible)  of  these  piperidob  have  been  isolated  in  each 
case  by  repeated  crystallization  first  in  die  form  of  the  bases  and  then  in  the  form  of  the  hydrochlorides. 

CsH*  OH 

\/ 

QH^  OH 

CH,-X 

IJ-CH3 

IJ-CH3 

1 

1 

CH2CH2CH2OCH3 

CH1CH2CH2OC2H6 

(V) 

(vn 

o-Form,  m.p.  69-7(f ;  hydrochloride,  m.p. 
197- 198*. 

8 -Form,  liquid;  hydrochloride,  m4).  149- 
150*. 


a -Form,  m.p.  63-64*;  hydrochloride,  m.p, 
191-192.5*. 

fl-Form,  liquid;  hydrochloride,  m.p.  148- 
149*. 


l-(y-Eth'ylmercapto)  propyl-2,  5-dimeihyl-4-phenyl-4-plperldol  (VIII),  vyhose  free  base  is  an  oily  liquid 
which  does  not  crystallize,  was  prepared  similarly  by  the  action  of  phenyllithium on  !-(>  -elhylmercapto)  propyl- 
2,  5-dimethyl  4-piperldone  (VII).  The  hydrochloride  of  this  pipcridol  forms  hygroscopic  crystab  and  was  partly 
crystallized  from  a  mixture  of  alcohol  and  acetone. 

The  acetates  and  propionates  (IX)  and  (X)  of  l-(y -dlmethylamino)-ptopyl-2,  5-dimethyl-4-phenyl-4-pl- 
peridol  (II)  were  synthesized  by  heating  the  hydrochloride  of  piperidol  (II)  with  acetyl  or  propionyl  chloride  In  a 
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medium  of  die  corresponding  anhydrides.  This  mediod  is  convenient,  since  after  vacuum  distillation  of  die  ex 
cess  anhydride,  the  hydrochloride  of  die  ester  is  left  in  a  readily  crystallizable  form,  and  can  be  obtained  in  a 
pure  state  after  one  or  two  recrystallizations. 
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The  acetates  of  the  high-melting  isomets  of  l-(y-methoxy)-propyl-2,  6-dimethyl-4-phenyl-4-plperldol 
(XI)  and  l-(y-ethoxy)-propyl-2,  5-dimethyl-4-phenyl-4-plperldol  (XII),  and  the  propionate  of  l-(y-ethyl- 
mercapto)-propyl-2,  5-dlmethyl-4-phenyl-4-pIperidol  (XIII)  were  prepared  In  the  same  way: 
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The  propionates  of  the  high-melting  isomers  of  l-(y -methoxy)-  and  l-(y -ethoxy)-propyl-2,  5-dimethyl- 
4-phenyl-4-pfperfdoIs  (XIV)  and  (XV)  were  prepared  by  the  action  of  propionyl  chl(x:ide  on  piperidok  (V)  and 
(VI)  in  dry  benzene  in  the  presence  of  metallic  magnesium  (Spasov's  method  [4]). 
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Results  of  Pharmacologica  1  Tests 

l-(y -Methoxy)-  and  l-(y -ethoxy)-propyl-2,  5-dlmethyl-4-phenyl-4-piperidyl  propionates  (XIV)  and  (XV) 
etdiibit  a  pqwerful  pain-relieving  action,  as  great  as  tliat  of  morphine.  At  the  same  time  these  esters  show  a 
pronounced  local  anesthetic  action,  which  is  several  times  greater  than  that  of  novocaine. 

Their  anesthetizing  acticm  is  approximately  half  that  of  dicaine,  but  they  are  considerably  less  toxic  than 
die  latter.  It  should  be  noted  that  such  a  combination  of  powerful  pain-relieving  and  local  anesthetic  action  in 
die  one  compound  is  met  with  extremely  rarely  and  is  an  interesting  peculiarity  of  these  compounds. 

1- (y -Methoxy)-  and  l-(y -ethoxy)-propyl-2,  5-dimethyl-4-phenyl-4-piperidyl  acetates  (XI)  and  (XII)  have 
a  slightly  lower  pain-relieving  activity  than  that  of  morphine,  while  the  esters  of  l-(y -dimethylamino)- propyl- 
2,  5-dimethyl-4-phenyl-4-piperidol  (IX)  and  (X)have  practically  no  pain-relieving  activity. 

The  analgesic  activity  of  all  the  esters  described  in  the  present  communication  is  still,  however,  consider¬ 
ably  lower  dian  the  activity  of  promedol*and  isopromedol.  Thus  in  comparison  with  the  other  known  substituents, 
die  methyl  radical  on  the  nitrogen  atom  exerts  the  most  favorable  influence  on  die  analgesic  activity  of  the  esters 
of  4-phenyl-4-piperidob. 

The  pharmacological  studies  were  carried  out  in  the  pharmacology  section  of  the  S.  Ordzhonikidze  All- 
Union  Chemical  and  Pharmaceutical  Scientific  Research  Institute  under  the  direction  of  M.  D.  Mashkovsky. 

EXPERIMENTAL 

l-(y  -  Dime  th  y  la  m  ino)- p  rop  yl- 2  ,  5  -  d  i  m  e  thy  1- 4  -  phe  ny  1- 4  -  p  ipe  r  id  o  1  (II) 

57  g  of  l-(y  -  dimethylamino)- propyl- 2,  5-dimethyl-4-piperidone  (I)  (b.p.  96-9T  at  2.5  mm,  n^  1.4726) 
was  added  dropwise  over  a  period  of  2.5  hours  with  cooling  by  a  mixture  of  ice  and  salt  to  the  ethereal  solution 
of  phenyllithium  prepared  in  the  usual  way  in  an  atmosphere  of  nitrogen  from  57  g  bromobenzene ,  5.7  g  lithium 
and  100  ml  absolute  ether.  When  all  the  piperidone  had  been  added,  the  reaction  mixture  was  stirred  for  5  hours 
at  room  temperature  and  left  overnight.  The  next  day  stirring  was  continued  for  a  further  2  hours  with  die  ether 
boiling.  The  flask  was  cooled  widi  ice  water  and  the  reaction  mass  acidified  to  congo  red  with  dilute  hydrochloric 
acid  (1: 1).  The  ether  layer  was  removed,  the  aqueous  layer  washed  with  ether  and  treated  with  solid  alkali. 

The  oil  which  rose  to  the  surface  was  extracted  with  ether  and  dried  with  ignited  sodium  sulfate. 

Vacuum  distillatioi  of  the  product  yielded  17.5  g  of  the  original  piperidone  (I)  (b.p.  95-100"  at  2  mm)  and 
43.6  g  f56'yo)  of  l-( y -dimethylamino)-propyl-2,  5-dimethyl-4-phenyl-4-piperidol  (II)  with  b.p.  160-162*  (1.5  mm). 

Found  <70:  9.66,  9.48.  Ci8H3oON2.  Calculated  “/o:  N  9.66. 

Repeated  attempts  to  separate  this  piperidol  into  isomeis,  either  in  the  form  of  the  free  bases  or  in  the  form 
of  the  dihydrochlorides  or  picrates,  gave  no  positive  results. 

The  dihydrochloride  of  this  piperidol  was  obtained  by  the  action  of  hydrogen  chloride  on  an  ethereal  solu¬ 
tion  of  the  base  and  had  the  form  of  very  fine  snow-white  crystals  with  m.p.  223-224*. 

Found  N  8.04  .  7.67.  CmHszQNjCI*.  Calculated '7o:  N  7.70. 

l-(y  -  Meth  oji^  )^P.  t  opyl-  2  ,  5  -  dimethyl-4-phenyl-4-piperidol  (V) 

The  reaction  was  carried  out  in  a  three-necked  flask  of  500  ml  capacity  fitted  with  mechanical  stirrer,  re¬ 
flux  condenser,  dropping  funnel,  thermometer  and  tube  for  nitrogen,  which  was  passed  through  for  the  duration  of 
the  experiment.  60  ml  absolute  ether  and  4.5  g  finely  divided  metallic  lithium  were  placed  in  the  flask  and  47  g 
bromobenzene  in  80  ml  absolute  ether  added  dropwise  over  a  period  of  4  hours.  A  further  120  ml  absolute  ether 
was  added  to  the  Otixture  and  the  reaction  mass  heated  for  2  hours  at  the  boiling  point  of  the  ether.  When  reaction 
was  complete  'die  flask  and  the  prepared  phenyllithium  were  cooledto  minus  15*  and  a  solution  of  38  g  l-(y- 
methoxy)- propyl- 2,  5-dimethyl-4- piperidone  (III)  (b.p.  105-107*  at  3  mm,  np  1.4547)  in  40  ml  absolute  ether 
added  dropwise  with  stirring  over  a  period  of  4  hours. 

7he  next  day  the  contents  of  the  flask  were  stirred  for  4  hours  at  room  temperature  and  then  for  a  further 
2  hours  at  die  boiling  point  of  the  edier.  The  alkoxide  obtained  was  hydrolyzed  by  the  addition  of  100  ml  of  ice 

•Russian  trade  name. 
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water.  The  cdier  layer  was  removed,  the  aqueous  layer  saturated  with  alkali  and  extracted  several  limes  wltfi 
ether.  The  combined  ether  extracts  were  dried  with  sodium  sulfate.  Vacuum  distillation  of  the  product  yiekled 
10  g  of  the  original  piperidone  (III)  (b.p.  100-105*  at  2  mm)  and  23  g  l-(y -methoxy)-propyl-2,  5-dlmediyl-4- 
phenyl-4-piperidol  (V)  in  the  form  of  a  thick  yellowish  liquid  with  b.p.  155-158*  (1  mm),  which  partly  crystal¬ 
lized  on  the  addition  of  benzene  and  cooling.  The  cr)rstals  were  pressed  out  at  the  water  pump  and  recrystallized 
from  benzene  to  yield  8.1  g  of  the  a-form  of  l-(  y -methoxy)-propyl-2,  5-dimethyl-4-phenyl-4-piperldol  wltft 
m.p.  69-7(f. 

Found  <70:  N  5.33,  5,03.  CiyHiyO^N,  Calculated ‘’/o:  N  5.05. 

hydrochloride  of  the  «-form  was  prepared  by  saturating  an  ethereal  solution  of  the  base  (m^).  G9-l(f) 
with  dry  hydrogen  chloride  and  melted  at  197-198*  (from  a  mixture  of  alcohol  and  acetone). 

The  mixture  of  isomeric  piperidols  (V)  which  did  not  crystallize  was  converted  to  the  hydrochlorides,  which 
were  fractionally  crystallized  from  acetone.  In  this  way  a  further  quantity  (1.2  g  )  of  die  hydrochloride  of  the  a- 
form  with  m.p.  197-198*  was  obtained,  together  with  1.3  g  of  the  hydrochloride  of  the  R-form  of  piperidol  (V) 
with  m.p.  149-150*  in  the  form  of  large  colorless  plates. 

Found  N  4.51, 4.64.  CnHjgOiNCl.  Calculated  N  4.47. 

The  free  base  of  the  8 -form  of  l-(  y -methoxy)- propyl- 2,  5-dimethyl-4-phenyl-4-piperidol,  obtained  from 
the  hydrochloride  with  m.p.  148-149*  by  treatment  with  aqueous  ammonia,  was  a  noncrystallizable  thick  liquid 
with  b.p.  159-160“  (1.5  mm). 

Found  <70:  C  73.27,  73.37;  H  10.01,  10.13.  CnHayOiN.  Calculated  <^1  C  73.61;  H  9.87. 

i  ■  (y  ~Ethoxy)-p  r  o  p  y  1  -  2  ,  5  -  dime  th  y  1- 4  -  pheny  1- 4  -  pipe  r  id  ol  (VI) 

50  g  l-(y -ethoxy)-propyl-2,  5-dimethyl-4-piperidone  (IV)  (b.p.  116-118*  at  2  mm,np  1.4554)  was  added 
dropwise  over  a  period  of  2  hours  with  cooling  by  a  mixture  of  ice  and  salt  to  an  ethereal  solution  of  phenyllithium 
prepared  as  in  the  previous  experiment  from  48  g  bromobenzene,  4.7  g  lithium  and  120  ml  absolute  ether.  The 
reaction  mass  was  stirred  for  1  hour  at  room  temperature  and  for  3  hours  at  the  boiling  point  of  the  ether,  and 
then  treated  with  l&’/o  hydrochloric  acid  until  acid  to  Congo  red  (140  ml)  widi  cooling  by  ice  water.  The  ether 
layer  was  removed,  the  aqueous  layer  saturated  with  solid  caustic  soda  and  extracted  widi  ether.  The  ether  ex¬ 
tract  was  dried  with  sodium  sulfate  and  the  residue  after  removal  of  the  etfier  vacuum  distilled:  1st  fraction, 
b.p.  95-100*  (2  mm),  12  g;  2nd  fraction,  b.p.  160-  165*  (2  mm),  36  g:  nonvolatile  residue— 6  g. 

The  second  fraction,  a  mixture  of  the  isomeric  l-(y -ethoxy)- propyl- 2,  5-dimethyl-4  phenyl-4-plperidols 
(VI),  partly  crystallized  on  the  addition  of  benzene  and  cooling.  Two  recrystallizations  from  benzene  yielded 
14.8  g  of  crystals  of  an  individual  isomer  with  m.p.  63-64*  ( a-form). 

Found  %:  N  5.38,  5.25.  CuHjgO^N.  Calculated  %:  N  4.80. 

The  hydrochloride  of  this  isomer  was  obtained  by  saturating  an  ethereal  solution  of  die  base  (m.p.  63-64*) 
with  dry  hydrogen  chloride.  After  two  recrystallizations  from  a  mixture  of  alcohol  and  acetone  it  melted  at 
191-192*. 

Found  7n;  N  4,55,  4.49.  CnHjoOiNCl.  Calculated  N4.27. 

The  mixture  of  isomeric  piperidols  which  did  not  crystallize  was  converted  to  the  hydrochlorides,  which 
were  fractionally  crystallized  from  acetone;  this  yielded  a  further  1.8  g  of  the  hydrochloride  of  the  a-isomer 
with  m.p.  191-192*  and  2.1  g  of  the  hydrochloride  of  the  8-isomer  with  m.p.  148-149^. 

Found  7o:  N  4.54,  4.54.  CwHsoOiNCl.  Calculated  N  4.27. 

The  hydrochjoride  of  the  8  -isomer  with  m.p.  148-149*  was  converted  to  the  base  which  was  dien  vacuum 
distilled.  The  free  base  of  this  isomer  was  a  thick  liquid  widi  b.p.  160-162*  (2  mm). 

Found  7o:  N  5.02,  5.18.  CigHasOiN.  Calculated  ^o:  N  4.80. 
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1  -Q^  -  Ethylme  rc  apto)»  p  ropyl-2.  5-dlmethyl-4  jj)Ji  eny  1-4-  piper  Idol  (Vlll) 

10^  g  l-(y -ethylmercapto)- propyl-2,  5-dlmethyl-4-piperidone  (VI)  (b.p.  117-118*  at  1.5  mm,  1.4915) 
In  10  ml  absolute  ether  was  added  dropwise  at  room  temperature  over  a  period  of  40  minutes  to  an  ethereal  solu¬ 
tion  of  phenyllidiium  prepared  from  9  g  bromobenzene,  1.0  g  lithium  and  35  ml  absolute  etlier.  The  reaction 
mass  was  heated  for  1  hour  at  the  boiling  point  of  the  ether  and  left  overnight.  The  next  day  the  product  was 
treated  as  described  above. 

This  yielded  2.9  g  of  the  original  l-(y -ethylmercapto)- propyl- 2,  5-dimethyl-4-piperidone  with  b.p.  127- 
135*  (2.5  mm)  and  6.4  g  l-(y-ethylmercapto)-propyl-2,  5-dimethyl-4-phenyl-4-piperldol  (VIII)  with  b.p.  178- 
180r  (2.5  mm)  In  die  form  of  a  very  diick  light  yellow  oil. 

Found  N  4.52,  4.61.  CigHigONS.  Calculated  N4.47. 

All  attempts  to  crystallize  this  piperidol  by  cooling  or  by  the  addition  of  a  small  quantity  of  solvent  did 
not  lead  to  die  desired  result. 

The  hydrochloride  of  l-(y -ethylmercapto)-propyl-2,  5-dimediyl-4-(dienyl-4-piperidol  was  prepared  In 
die  usual  way  and  melted  at  164-165*  (from  a  mixture  of  acetone  and  alcohol). 

Found  Vo:  N  4.07,  4.39.  CmHjoONSCI.  Calculated  N  4.08. 
l-(y  -  Dimethylamino)-propyl-2,  5-dlmethyl-4-pheByl-4-plperi dyl  acetate  (IX) 

A  mixture  of  5  g  of  the  dihydrochloride  of  l-(y -dImediylamino)-propyl-2,  6-dlniediyl-4-phenyl-4-pI- 
peridol  (11)  (m.p.  223-224*),  10  ml  acetyl  chloride  and  20  ml  acetic  aidiydride  was  heated  at  90-100  *  for  3.5 
hours.  The  precipitate  obtained  was  filtered  off,  washed  with  abst^te  ether  and  dried  in  a  vacuum  desiccator. 
After  recrystallization  from  a  mixture  of  alcohol  and  acetone,  die  l-(y-dimediylamino)-propyI-2,  5-dimethyl- 
4-phenyl-4-piperidyl  acetate  dihydrochloride  obtained  melted  at  231-232*.  Yield  3.1  g. 

Found  <%:  C  59^33,  59.42,  59.14;  H  8.15;  8.63,  8.31;  N  6.76  ,  6.87.  CtoHs40kNsC]|. 

Calculated  <7o;  C  59.25;  H  8.45;  N  6.97. 

1  -  (y  -  Dimethy lam ino)- propyl- 2  ,  5-dimethyl-4- phenyl-4-plperidyl  propionate  (X) 

10  g  of  the  dihydrochloride  of  l-(y -dimethylamino)-propyl-2,  5-dimethyl-4-phenyl-4-pIperIdol  (11)  (m.p. 
223-224*),  12  ml  propionyl  chloride  and  30  ml  propionic  anhydride  were  placed  in  a  round -bottomed  flask  fitted 
with  reflux  condenser  and  calcium  chloride  tube.  The  reaction  mixture  was  heated  for  45  minutes  at  100-ll(f 
and  the  dihydrochloride  of  piperidol  (IT)  dissolved  completely.  One  hour  after  die  dihydrochloride  of  piperidol 
(II)  had  dissolved,  a  copious  precipitate  of  the  dihydrochloride  of  l-(y  -dimetiiylamino)- propyl-2,  5-dimethyl- 
4- phenyl-4- piperidyl  propionate  (X)  was  obtained.  The  heating  at  100-ll(f  was  continued  for  a  total  of  7  hours. 
The  dihydrochloride  of  the  propionate  (X)  was  filtered  off,  washed  with  acetone  and  after  three  recrystallizations 
from  alcohol  melted  at  239-240*.  Yield  7.5  g.  It  had  the  form  of  very  fine  snow-white  crystals,  soluble  witii 
difficulty  in  acetone  and  anhydrous  alcohol. 

Found  ^o:  N  6.07,  6.02.  CnH^OiNjCli.  Calculated  N  6.67. 

1  -  (y  -  Methoxy)- p  ropyl- 2  ,  5- dimethyl-4- phenyl-4-  piperidyl  aceta  te  (XI) 

3  g  of  the  hydrochloride  of  l-(y-  methoxy)- propyl- 2,  5-dimethyl-4-phenyl-4-piperidol  (V)  (m.p.  197-198*), 
7  ml  acetyl  chloride  and  20  ml  acetic  anhydride  were  mixed  in  a  round- bottomed  flask  fitted  with  reflux  con¬ 
denser  and  calcium  chloride  tube.  The  mixture  was  heated  at  100-ll(f  for  10  hours.  The  acetyl  chloride  and 
acetic  anhydride  were  then  distilled  off  in  vacuo,  the  crystalline  residue  washed  with  absolute  ether  and  recrystal¬ 
lized  twice  from  acetone.  This  yielded  3.1  g  of  the  hydrochloride  of  l-(y -methoxy)- propyl- 2,  5-dimethyl-4- 
phenyl-4-piperidy\  acetate  (XI)  in  the  form  of  snow-white  needles  with  m.p.  177-179*. 

Found N  3.85,  3.93.  CuHsoObNCl.  Calculated  N  3.94.  , 

l-(y  -  Methoxy)-propyl-2,  5-dlmethyl-4  -  phenyl-4  -  p  ig^e  M  dyl  propionate  (XIV) 

5.0  g  l-(y  -methoxy)- propyl- 2,  5-dimediyl-4-phenyl- 4- piperidol  (V)  (m.p.  69-7(f  ),  10  ml  anhydrous  ben~ 
zene,  10  ml  propionyl  chloride  and  0.2  g  magnesium  shavings  were  placed  in  a  three-necked  flask  of  50  ml 
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capacity  fitted  with  a  mechanical  stirrer,  thermometer  and  reflux  condenser  with  calcium  chloride  tube.  The 
reaction  mixture  was  heated  at  80-90*  for  9  hours  until  the  precipitate  initially  formed  had  disappeared.  The 
excess  propionyl  chloride  and  benzene  were  then  distilled  off  in  vacuo  at  50*.  the  thick  residue  dissolved  In  10 
ml  water,  treated  with  sodium  carbonate  and  extracted  with  ether.  The  ether  extract  was  dried  with  sodium  sul¬ 
fate  and  vacuum  distilled.  This  yielded  4.7  g  of  l-(y -metfioxy)-propyl-2,  5-dimelhyl-4-phenyl-4-plperldyl 
propionate  (XIV)  with  b.p.  160- 163*  (2  mm)  in  the  form  of  a  pale  yellowish  mobile  oil,  which  was  converted 
Into  the  hydrochloride  by  saturating  its  ethereal  solution  with  dry  hydrogen  chloride.  This  yielded  4.5  g  of  the 
hydrochloride,  which  after  two  recrystallizations  from  acetone  melted  at  193-194*. 

Founder  Cl  9.71,  9.34.  CjjHazOiNCl.  Calculated'?!.;  Cl  9.58. 

A  mixture  of  this  material  with  the  hydrochloride  of  the  original  alcohol  (m.p.  197-198*)  melted  at  164- 

168*. 

l-(y  -  Ethoxy)  -  propyl-2,  5- dlrnethyl-4  -  pheny  1- 4  -  p  iperld  y  1  acetate  (XII) 

A  mixture  of  3.5  g  of  the  hydrochloride  of  l-(y -ethoxy)-propyl-2,  5-dimethyl-4-phenyl-4-piperidol  (VI) 
(m.p.  191-192.5*),  7  ml  acetyl  chloride  and  20  ml  acetic  anhydride  was  heated  at  100-Il(f  for  8  houis.  The 
excess  acetyl  chloride  and  acetic  anhydride  were  then  distilled  off  in  vacuo,  the  residue  which  had  crystallized 
was  washed  with  absolute  ether  and  recrystallized  twice  from  a  mixture  of  alcohol  and  acetone.  This  yielded 
3.5  g  of  the  hydrochloride  of  l-(y -ethoxy)- propyl-2,  5-dimethyl-4-phenyl-4-piperidyl  acetate  (XII)  in  die  form 
of  snow-white  needles  with  m.p,  201-202*. 

Found  70:  C  65.23,  65.25:  H  8.61,  8.55;  Cl  9.79,  9.72.  QoHsiO^NCl.  Calculated  <?!,:  C  64.93;  H  8.72; 

Cl  9.58. 

A  mixture  of  this  compound  with  the  hydrochloride  of  the  original  alcohol  melted  at  161-17Cf . 

l-(y  -  Ethoxy)-propy 1-2,  5-dimethyl-4-phenyl-4-piperidyl  propionate  (XV) 

A  mixture  of  5  g  l-(y  -  ethoxy)- propyl- 2,  5-dimethyl-4-phenyl-4-piperidol  (VI)  (m.p.  63-64.5*),  10  ml 
propionyl  chloride,  10  ml  anhydrous  benzene  and  0,2  g  magnesium  shavings  was  stirred  vigorously  at  95-100*  for 
10  hours  until  the  precipitate  initially  obtained  had  dissolved.  When  the  heating  was  complete  the  excess  pro¬ 
pionyl  chloride  and  benzene  were  distilled  off  in  vacuo,  the  residue  dissolved  in  10  ml  water,  treated  with  potas¬ 
sium  carbonate  and  extracted  with  ether.  The  ether  extract  was  dried  with  sodium  sulfate.  The  product  was 
vacuum  distilled  to  yield  4.4  g  of  substance  with  b.p.  180-182*  (3  mm),  which  was  converted  to  the  hydrochloride 
by  saturating  Its  ethereal  solution  with  dry  hydrogen  chloride.  The  hydrochloride  of  l-(y  -ethoxy)-propyl-2,  5- 
dlmeihyl-4-phenyl-4-piperidyl  propionate  (XV)  obtained  melted  at  192-193.5*  after  three  recrystallizations 
from  acetone.  Weight  4.1  g. 

Found  <70:  Cl  9.20,  9.25.  C21H34O3NCI.  Calculated  Cl  9.23. 

A  mixture  of  this  substance  with  the  hydrochloride  of  the  original  alcohol  (m^).  191-192.5*)  melted  at 
165-17(f. 

l-(y  -  Ethylmercapto)-ptopyl-2,  5-dime thyl-4-phenyl-4-piperidyl  propiona |_e_ ( XIII) 

A  solution  of  3.5  g  of  the  hydrochloride  of  l-(y -ethylmercapto)-propyl-2,  5-dimethyl-4-phenyl-4-plperldol 
(VIII)  (m.p.  164-165*)  and  1.8  ml  propionyl  chloride  In  10  ml  propionic  anhydride  was  heated  for  8  hours  at  lOOT , 
The  excess  propionyl  chloride  and  propionic  anhydride  were  removed,  the  crystals  obtained  filtered  off  and  re¬ 
crystallized  from  acetone.  This  yielded  0.5  g  of  the  hydrochloride  of  l-(y -ethylmercapto)-propyl-2,  5-dlmethyl- 
4-phenyl-4-piperidyl  propionate  (Xni),  which  melted  at  173.5-174*. 

Found  0/0:  N  3.42,  3.71.  CiiH340iNCl.  Calculated  <70;  N  3.50. 

A  mixture  of  this  substance  with  the  hydrochloride  of  the  original  alcohol  melted  at  148.5-151*. 

The  mother  solution  from  the  separation  of  the  hydrochloride  with  m.p.  173.5-174®  was  evaporated  in  vacuo, 
the  residue  dissolved  In  water  and  treated  with  potassium  carbonate.  The  oil  which  rose  to  the  suriace  was  ex¬ 
tracted  with  etlier,  dried  with  sodium  sulfate  and  vacuum  distilled.  This  yielded  1.4  g  of  l-(y -ethylmercapto)- 
propyl-2,  5-dimethyl-4-phenyl-4-piperidyl  propionate  (XIII)  witli  b.p.  165-168*  (1  mm). 
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SUMMARY 


A  number  of  l-prc^yl-2,  5-dimethyl-4-phenyl-4-plperlclols  and  their  esters,  containing  alkoxy,  alkysulfido 
and  dialkylamino  groups  in  the  propyl  radical  attached  to  die  nitrogen  (in  the  y  -position)  have  been  synthesized. 

l-(y-Medioxy)-  and  l-(y -ethoxy)-propyl-2,  5-dlmethyl-4-phenyl-4-piperldyl  propionates  combine  a  high 
pain-relieving  (analgesic)  and  local  anesthetic  activity.  The  analgesic  activity  of  all  these  compounds,  however, 
is  lower  dian  that  of  promedol. 
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CYANINE  DYES  CONfAlNING  FLUORINE 

V.  THE  SYNTHESIS  OF  CYANINE  DYES  FROM  5-  AND 
6-TRIFLU  OROMETHOXYBENZOTHIAZOLES 

L.  M.  Yagupolsky  and  V.  I.  Troitskaya 


The  synthesis  was  recently  described  by  one  of  us  [1]  of  aromatic  compounds  containing  the  CXDFs-group 
as  substituent.  Since  we  have  been  engaged  in  a  study  of  the  problem  of  the  influence  of  substituents  containing 
fluorine  on  the  color  and  efficiency  of  photo- sensitizing  agents,  we  decided  to  synthesize  2-metliyl-5-  and  2- 
methyl-6-trifluoromethoxybenzothiazoles  and  to  prepare  a  number  of  thiacarbocyanines  from  these  bases. 

The  synthesis  of  2- methyl-5- trifluoromethoxybenzothiazole  was  achieved  as  follows.  4-Chlorophenyl  tri- 
fluoromethyl  ether  (I)  was  taken  as  the  starting  material.  This  was  nitrated  to  give,  apparently,  both  the  isomers 
(1)  and  (2): 


OCF., 

I 

/\ 

I  I 

Cl 

H) 


OCF:, 
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I  I 

\/ 
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Cl 
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I 

Cl 


(1)  (2) 


An  attempt  to  hydrolyze  the  OCFs-group  in  these  compounds  by  heating  with  50^  hydrobromic  acid  at  IbCf 
in  a  sealed  tube  was  unsuccessful— the  substance  was  unchanged.  When  an  alcoholic  solution  of  the  mixture  of 
nitrochloro  compounds  (1)  and  (2)  obtained  was  boiled  with  an  alcoholic  solution  of  sodium  disulfide,  the  disulfide 
was  formed,  but  in  very  low  yield.  This  fact  indicates  that  the  main  product  of  the  nitration  of  4-chlorophenyl 
trifluoromethyl  ether  is  the  isomer  (1). 

The  mixture  of  nitro  isomers  was  reduced  and  acetylated.  The  acetylamino  compounds  were  nitrated 
further  without  separation.  The  formation  of  four  isomers  is  possible  (3,4,5  and  6). 

The  compounds  obtained  were  heated  with  an  alcoholic  solution  of  sodium  disulfide.  The  isomers  (5)  and 
(6)  have  no  mobile  halogen  atom,  so  that  only  the  compounds  (3)  and  (4)  can  react  with  sodium  disulfide,  with 
the  formation  of  two  isomeric  disulfides. 

The  mixture  of  disulfides  was  reduced  with  zinc  dust  to  the  corresponding  aminothiophenols  which  were 
converted  using  acetic  anhydride  to  a  mixture  of  the  benzothiazole  derivatives  (7)  and  (8). 

2-Methyl-5-trifluoromethoxybenzothiazole  (9)  was  obtained  from  (7)  and  (8)  by  hydrolysis  of  die  acetyl 
group  and  deamination. 
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For  the  synthesis  of  2-niethyl-6-trifluoroniethoxybenzodtiazole  we  required  4-aniinophenyl  trifluoromethyl 
edier.  The  latter  was  prepared  from  the  nitrile  or  chloride  of  anisic  acid. 

The  second  route  (starting  from  the  chloride)  gives  a  much  bigger  yield  of  amine  than  the  first.  The  4- 
aminophenyl  trifluoromethyl  ether  was  acetylated,  converted  to  die  thioacetyl  derivative  and  oxidized  to  2- 
methy  1-  6-  tri  fluoromethoxybenzothia  zole  ( 1 0); 
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The  bases  obtained -2- methyl- 5-  and  2-methyl-6-trifluoromethoxybenzotiiiazoles— were  converted  to  the 
quaternary  salts,  from  which  the  thiacarbocyanine,  mesomethyl-  and  mesoethylthiacarbocyanine  and  styryl  dyes 
were  prepared.  The  stmctural  formulae  and  absorption  maxima  of  the  synthesized  cyanine  dyes  in  ethyl  alcohol 
solution  are  given  in  the  Table;  the  absorption  maxima  of  die  corresponding  dyes  containing  no  CXIiFs-group  are 
also  given  for  comparison. 

It  can  be  seen  from  the  data  in  the  Table  that  the  absorption  maxima  for  the  thiacarboxyanines  with  the 
(XIF3  substituent  group  are  practically  the  same  as  for  the  unsubstituted  dyes  (with  the  exception  of  the  styryls). 

EXPERIMENTAL 

4-Chloroanisole  was  prepared  from  p-anisidine  by  replacing  the  amino  group  by  chlorine  by  the  Sandmeyer 
reaction  (similarly  to  the  preparation  of  p-chlorotoluene  from  p-toluidine  [2]).  Yield  84<^,  b.p.  195- 197*.  (Lit¬ 
erature  data,  b.p.  194-198*,  uncorrected  [3]). 

Nitro-4-chlorophenyl  trifluoromethyl  ether.  A  nitrating  mixture  [220  g  nitric  acid  (d  1.5)  and  490  g  sulfuric 
acid  (d  1.84)]  was  placed  in  a  three- necked  flask  fitted  with  mechanical  stirrer,  thermomether  and  drqpping  fun¬ 
nel,  the  mixture  cooled  to  0*  and  295  g  p-chlorophenyl  trifluoromethyl  ether  (b.p.  140-142*)  [1]  added  dropwise 
over  a  period  of  1  hour.  The  mixture  was  kept  at  0°  for  30  minutes,  for  1  hour  at  room  temperature  and  for  1.5 
hours  at  40-50*,  cooled  and  poured  on  to  ice.  The  product  was  extracted  with  ether.  The  ether  solution  was 
washed  with  water  and  dried.  The  ether  was  removed  and  the  product  vacuum  distilled.  The  fraction  at  96-99r 
(7  mm)  was  collected.  Yield  304.2  g  (907o). 

Found  N  5.68,  5.80.  CTHaO^NClFs.  Calculated  "/o:  N  5.71. 

Amino-4-chlotq?henyl  trifluoromethyl  ether.  250  g  iron  filings  and  300  ml  water  were  placed  in  a  two- 
liter  reaction  vessel  fitted  with  mechanical  stirrer,  reflux  condenser,  thermometer  and  dropping  funnel  and  heated 
to  95*;  20  ml  HCl  (d  1.19)  was  added  with  stirring,  the  mixture  boiled  for  10  minutes  and  241.5  g  nitto-4-chloro- 
phenyl  trifluoromethyl  ether  added  from  the  dropping  funnel  over  a  period  of  2  hours.  The  temperature  of  the 
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reaction  mixture  was  kept  at  95-98*.  When  the  addition  was  complete,  the  mixture  was  stirred  for  a  further  3 
hours  at  the  same  temf>erature.  A  solution  of  sodium  carbonate  was  added  until  the  mixture  was  alkaline  and 
the  amine  was  steam  distilled.  The  amine  was  extracted  from  the  distillate  with  ether,  the  ether  solution  dried, 
die  ether  distilled  off  and  the  amine  vacuum  distilled.  The  fraction  at  76- 79*  (5  mm)  was  collected.  Yield  182 
g  (86'yu). 

Found ')l>;  N  6.72,  6.75.  C7H5ONCIFS.  Calculated  7o:  N  6.62. 

Acetylamino-4-chlorophenyI  trifluoromethyl  ether.  A  mixture  of  53  g  amino-4-chlorophenyl  trifluoro- 
methyl  ether  and  31  g  acetic  anhydride  was  heated  for  15  minutes  on  the  water  bath,  boiled  for  5  minutes,  cooled 
and  pouted  into  water.  The  precipitate  was  filtered  off  and  recrystallized  from  aqueous  alcohol.  Yield  54  g 
(85%).  M.p.  60-65*  (melting  not  sharp). 

Found  %:  N  5.42  .  5.54.  CjHtO^NCIFs.  Calculated  %:  N  5.52. 

Nitro-acetylamino-4-chlorophenyl  trifluoromethyl  ether.  12,7  g  acetylamino-4-chlorophenyl  trifluoro- 
mediyl  ether  was  dissolved  with  stirring  in  20  ml  H2S04  (d  1.84)  in  a  three-necked  reaction  vessel  fitted  with 
mechanical  stirrer,  dropping  funnel  and  thermometer:  the  solution  was  cooled  to -5*  and  nitrating  mixture  (2.7 
ml  H2SO4  d  1.84' and  3.3  ml  HNOj  d  1.41)  added  dropwise  over  a  period  of  15  minutes.  The  temperature  was 
kept  between— 5  and  CT.  The  mixture  was  then  kept  at  room  temperature  for  1.5  hours,  poured  on  to  ice,  the 
precipitate  filtered  off,  washed  with  water  on  the  filter  and  dried.  Crystallized  from  benzene.  Yield  7.1  g.  M. 
p.  109-ll(f  (after  two  crystallizations  from  benzene). 

Found  %:  N  9.55,  9.61.  C9H404N2C1F,.  Calculated  %:  N  9.38. 
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Diacetylamino-2.  2*-dinitro-4.  4*-bis-trifluoromethoxydiphenyl-l,  l*-disulfide.  5.46  g  NajS  ‘gHjO  was 
dissolved  in  30  ml  alcohol  in  a  round -bottomed  flask  with  reflux  condenser,  0.74  g  sulfur  added  to  the  solution 
and  the  mixture  boiled  for  30  minutes.  The  solution  obtained  was  added  dropwise  over  a  period  of  1  hour  to  a 
solution  of  13.7  nitro-acetylamino-4-chlorophenyl  trifluoromethyl  ether  in  100  ml  alcohol.  The  mixture  was 
boiled  on  the  water  bath  for  6  hours.  It  was  then  cooled,  the  precipitate  filtered  off  and  washed  with  water  and 
alcohol.  Crystallized  from  acetic  acid.  Yield  8.77  g  (65‘7o).  M.p.  254-255*. 

Found  7o:  N  11.07.  11.12.  CigHi20,N4S2F6.  Calculated  "/o:  N  10.84. 

Acetylamino-5-trifluoromethoxy-2-methyIbenzothiazole.  A  mixture  Of  8.8  g  diacetylamino-2,  2'-di- 
nitro-4-,  4*-bis-trifluoromethoxydiphenyl-l,  I’-disulfide  and  11.5  g  zinc  dust  was  added  gradually  with  stirring 
to  80  ml  glacial  acetic  acid  heated  to  90-100",  the  mixture  heated  for  15  minutes  on  a  boiling  water  bath,  23 
ml  acetic  anhydride  added  and  the  mixture  heated  to  120"  for  2  hours.  It  was  then  cooled  to  70-8Cr,  50  ml  water 
added,  the  mixture  heated  to  boiling,  the  precipitate  filtered  off  and  washed  with  50  ml  bOPjo  acetic  acid.  The 
mother  solution  was  diluted  with  140  ml  Water  and  made  alkaline  with  30^  caustic  soda.  The  precipitate  was 
filtered  off  and  washed  with  alkali  and  water.  Crystallized  from  ethyl  alcohol  with  charcoal.  Yield  4.3  g  (50“^). 
M.p.  205-206*.  The  melting  point  did  not  change  on  subsequent  recrystallization. 

Found  N  9.57,  9.62.  CuHgOiNjSFa.  Calculated  <7°:  N  9.65. 

Am ino-  5-  trifluoromethoxy- 2-  methylbenzothiazole .  2  g  acetylamino-5-trifluotomethoxy-2-methylben- 
zothiazole  was  boiled  in  a  flask  with  reflux  condenser  with  20  ml  20%  hydrochloric  acid  for  1  hour,  activated 
charcoal  added  and  boiling  continued  for  a  further  5  minutes.  The  solution  was  filtered,  the  amine  precipitated 
with  ammonia,  filtered  off  and  washed  with  water.  M.p.  94-95*  after  crystallization  from  aqueous  alcohol. 

Yield  1.7  g  (98%). 

Found  %:  N  11.36,  11.48.  CgHyON^SFa.  Calculated  %:  N  11.29. 

2-Methyl-5-trifluoromethoxybenzothiazole.  2.9  g  amino-5-trifluoromethoxy-2-methylbenzothiazole  was 
dissolved  in  10  ml  hydrochloric  acid  (d  1.19)  and  4  ml  water  in  a  beaker,  the  solution  cooled  to  0*  and  diazotized 
with  a  cooled  solution  of  0.9  g  sodium  nitrite  in  3  ml  water  with  stirring.  When  the  diazotization  was  complete, 

16  ml  of  cooled  hypophosphorous  acid  (50%  solution)  was  added  gradually  and  the  mixture  left  overni^t.  The 
mixture  was  diluted  with  water,  made  alkaline  with  ammonia,  the  precipitate  obtained  filtered  off,  washed  with 
water  and  dried.  To  purify  the  specimen,  it  was  dissolved  in  hydrochloric  acid,  boiled  with  charcoal  and  repre¬ 
cipitated  with  ammonia.  The  product  sublimes  readily.  Yield  2  g  (73%). 

Found  %;  N  5.91,  6.01.  CgHgONSFs.  Calculated  %:  N  6.00. 

The  nitrile  of  anisic  acid  was  prepared  by  replacing  the  amino  group  in  p-anisidine  by  the  cyano  group  by 
the  Sandmeyer  reaction  (by  analogy  with  the  preparation  of  the  nitrile  of  p-toluic  acid  from  p-toluidine  [4]). 

Yield  50%.  B.p.  134-135*  (17  mm).  M.p.  58-59".  Literature  data,  m.p.  59.5-60,6*  [5]. 

4-Cyanophenyl  trichloromethyl  ether.  60  g  of  the  nitrile  of  anisic  acid  was  mixed  with  4.7  g  PCI5  in  a 
small  reaction  vessel  fitted  with  a  bubbler  for  the  passage  of  chlorine,  thermometer  and  reflux  condenser.  The 
mixture  was  heated  to  195*  and  chlorine  passed  through  for  3.5  hours  at  195-200*.  Yield  of  product,  assuming 
that  only  4-cyanophenyl  trichloromethyl  ether  is  formed,  92  g  (87%).  The  product  was  fractionated  in  vacuo  and 
two  fractions  collected:  1st  up  to  140"  (6  mm),  5  g;  2nd  142-146"  (6  mm),  53  g  (50%). 

The  2nd  fraction  was  distilled  a  second  time  for  analysis.  Material  with  b.p.  140-141*  (5  mm)  was  collected. 

Found  %:  Cl  44.44,  44.34.  CgH40NCl3.  Calculated  %:  Cl  44.03. 

4-Cyanophenyl  trifluoromethyl  ether.  46.7  g  4-cyanophenyl  trichloromethyl  ether  and  45  g  antimony  tri¬ 
fluoride  were  placed  in  a  Wurtz  flask,  2  ml  antimony  pentachloride  added  and  the  mixture  heated  to  boiling. 

After  several  minutes  the  reaction  product  was  distilled,  together  with  the  antimony  trichloride.  The  product 
was  extracted  with  ether  and  washed  with  15%  hydrochloric  acid.  The  ethereal  solution  was  dried  and  the  ether 
distilled  off.  The  products  from  three  such  experiments  were  combined  and  fractionated  on  a  small  column. 

Yield  22.5  g  (20%).  B.p.  192-192*. 

Found  %:  N  7.18,  7.31.  CgHgONFs.  Calculated  %:  N  7.48. 
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4-Trifluoromethoxybenzamlde.  1)  A  solution  of  18.7  g  4-cyanophenyl  trifluoromethyl  ether  In  75  ml  al¬ 
cohol  was  placed  in  a  round -bottomed  flask,  followed  by  6.5  ml  6N  caustic  soda  and  65  ml  25‘7e>  hydrogen  per¬ 
oxide.  Oxygen  was  liberated  from  the  mixture  and  the  reaction  became  exothermic.  The  temperature  was  main¬ 
tained  at  40-5(f  with  external  cooling.  When  the  evolution  of  heat  had  ceased,  the  solution  was  heated  for  3 
hours  at  50*,  neutralized  to  litmus  with  5<^  sulfuric  acid,  cooled,  and  the  crystals  obtained  separated  and  washed 
widi  water.  16.1  g  of  product  (76.5‘7o)  was  obtained  after  crystallization  from  aqueous  alcohol.  M.p.  150-151*. 

A  second  crystallization  gave  a  product  with  m.p.  151-152*. 

Found  Vo:  N  6.64,  6.66.  CjHjOkNFs.  Calculated  <7o:  N  6.83. 

2)  It  Is  more  convenient  to  prepare  4-trifluoromethoxybenzamide  by  the  method  described  below. 

Anliyl  chloride.  A  mixture  of  103  g  anisic  acid  and  500  g  thionyl  chloride  was  boiled  for  2  hours  on  the 
water  bath.  The  product  was  distilled  over.  B.p.  106-107*  (4  mm).  Yield  100.5  g  (87‘7o).  Literature  data,  b.p. 
140-141*  (14  mm)  [4]. 

4-Trtchloromethoxybenzoyl  chloride.  100  g  anisyl  chloride  was  placed  in  a  three-necked  flask  fitted  with 
tfiermometer,  reflux  condenser  and  bubbler,  6.4  g  phosphorus  pentachloride  added  and  dry  chlorine  passed  through 
for  4  hours  at  190-200*  until  the  increase  in  weight  was  95%  of  the  dieoretical  calculated  amount.  The  mixture 
was  vacuum  distilled.  Two  fractions  were  collected:  1st  b.p.  up  to  138“  (4  mm),  6  g:  2nd  b.p.  138-140“  (4  mm), 

139.2  g  (87%);  the  second  fraction  was  fluorinated  without  further  purification. 

4-Trifluoromethoxybenzoyl  fluoride.  105.9  g  4-trichloromethoxybenzoyl  chloride,  105  g  antimony  tri¬ 
fluoride  and  2.5  ml  antimony  pentachloride  were  placed  in  a  Claisen  flask.  The  mixture  became  hot  and  all 
die  antimony  trifluoride  passed  into  solution.  The  product  was  distilled  off  in  vacuo  at  the  water  pump  and  then 
separated  from  the  antimony  trichloride  by  fractionation  on  a  small  column  at  ordinary  pressure.  B.p.  161-162“. 
Yield  57  g  (71%). 

4 - Tri fluoromethoxybenzam ide .  40.4  g  4-trifluoromethoxybenzoyl  fluoride  was  placed  in  a  reaction  vessel 
cooled  externally  widi  ice,  and  52  ml  25%  ammonia  solution  added  gradually  with  stirring.  The  mixture  was 
I  stirred  for  30  minutes  and  the  precipitate  filtered  off  and  washed  with  water.  After  recrystallization  from  alcohol, 

I  33.5  g  (85%)  of  amide  with  m.p.  152-154“  was  obtained.  A  sample  gave  no  melting  point  depression  when  mixed 

I  with  tfie  amide  obtained  from  4-cyanophenyl  trifluoromethyl  ether. 

4-Aminophenyl  trifluoromethyl  ether.  A  solution  of  33.3  g  caustic  potash  in  280  ml  water  was  placed  in 
a  reaction  vessel  fitted  with  thermometer  and  mechanical  stirrer,  the  solution  cooled  to  CT,  4.9  ml  bromine  ad¬ 
ded,  the  mixture  stirred  and  well-powdered  4-trifluoromethoxybenzamide  sprinkled  in  immediately.  The  mix¬ 
ture  was  stirred  at  OT  until  all  tfie  amide  had  passed  into  solution  and  then  for  20  minutes  at  75-8(f .  The  amine 
was  distilled  off  with  steam  and  the  distillate  extracted  with  ether.  The  ether  solution  was  dried,  the  ether  dis¬ 
tilled  off  and  the  amine  vacuum  distilled.  B.p.  73-75*  (10  mm).  Yield  9.3  g  (70%). 

Found  %:  N  7.72,  7.76.  CtHsONFj.  Calculated  %:  N  7.91. 

The  liquid  remaining  after  steam  distillation  of  the  amine  was  filtered  through  a  folded  filter  and  p-tri- 
fluoromethoxybenzoic  acid  (0.54  g)  precipitated  with  hydrochloric  acid.  M.p.  150-151*  (after  two  crystalliza¬ 
tions  from  alcohol). 

4-Acetylaminophenyl  trifluoromediyl  ether  melted  at  114-115*. 

Found  %:  N  6.34,  6.50.  CaHgQjNFj.  Calculated  %:  N  6.39. 

2-Methyl-6-ttifluoromethoxybenzothiazole.  A  mixture  of  4.2  g  4-acetylaminophenyl  trifluoromethyl 
ether  and  2.4  g  phosphorus  pentasulfide  was  ground  up  in  a  mortar  and  placed  in  a  test-tube.  This  was  heated  on 
an  oil  badi  to  115“,  at  which  the  mixture  began  to  melt,  and  the  temperature  of  the  bath  was  then  raised  rapidly 
to  125*.  After  I  minute  the  melt  acquired  a  chocolate  color.  The  test-tube  was  removed  from  the  bath.  The 
test-tube  was  cooled  and  broken  and  the  contents  dissolved  in  70  ml  2N  caustic  soda  and  filtered.  The  thioacetyl 
derivative  was  precipitated  from  the  alkaline  solution  with  carbon  dioxide, filtered  and  washed  widi  water.  Yield 

2.2  g  (50%). 

2.2  g  4-thioacetylaminophenyl  trifluoromethyl  ether  was  dissolved  with  cooling  in50mg  2N  caustic  soda 
and  added  dropwise  with  stirring  to  a  solution  of  potassium  ferricyanide(50ml)which  was  cooled  by  Ice.  When 
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the  solution  had  been  mixed,  stirring  was  continued  for  a  further  hour.  The  next  day  the  yellow  oil  which  had 
separated  was  extracted  with  ether,  the  ether  solution  washed  with  water,  the  ether  distilled  off  and  the  residue 
steam  distilled.  The  oil  which  distilled  over  solidified  on  cooling.  The  product  was  dissolved  in  hydrochloric 
acid  (1 : 1).  The  solution  was  boiled  with  charcoal,  filtered  and  neutralized  with  ammonia.  Yield  1  g  (45.4%). 
M.p.  56-5T.  M.p.  57-58*  after  crystallization  from  aqueous  alcc^iol. 

Found  %;  N  6.05,  6.11.  C9HJONSF3.  Calculated  %:  N  6.00. 

The  ethyltosylates  of  2-me.thyl-5-  and  2- methyl-6- trifluoromethoxybenzothiazoles  were  prepared  by  heat¬ 
ing  1  mole  of  the  base  with  1.2  mole  of  ethyl  p-toluenesulfonate  for  4  hours  at  140-150r.  The  quaternary  salts 
solidified  on  cooling  and  were  washed  with  ether.  The  iodides  were  precipitated  from  aqueous  solution  with 
solid  potassium  iodide. 

The  dyes 

6,  6*-Bis-trifluoromethoxy-3.  3*-diethylthiacarbocyanine  iodide.  0.22  g  2-methyl-6-trifluoromethoxy- 
benzothiazole  ethiodide,  0.22  g  orthoformic  ester  and  2.5  ml  pyridine  were  boiled  for  45  minutes.  The  dye  which 
precipitated  was  crystallized  from  alcohol.  Yield  0.07  g  (38%).  Decomp.  temp.  266-268*. 

Found  %:  I  19.40,  19.42.  C^sHigOfeNjSjIFs.  Calculated  %:  I  19.24. 

II.  5,  5*-Bis-trifluoromethoxy-3,  3*-diethylthiacarbocyanine  iodide.  Prepared  as  in  the  previous  example. 
Long  violet  needles.  Yield  44%.  Decomp.  temp.  268-269*. 

Found  %;  I  19.11,  19.14.  CasHijOfeNaSiIFe.  Calculated  %;  I  19.24. 

III.  6,  6’-Bis-trifluoromethoxy-3,  3*-diethyl-9-methylthiacatbocyanine  iodide.  0.2  g  2-methyl-6-tri- 
fluoromethoxybenzothiazole  ethiodide,  0.2  g  orthoacetic  ester,  3  ml  pyridine  and  2  drops  of  acetic  anhydride 
were  boiled  for  45  minutes.  The  dye  which  precipitated  was  crystallized  from  alcohol.  Yield  0.05  g  (29%). 
Decomp.  temp.  265-266*. 

Found  %:  I  18.93,  19.06.  Cj!4H2iOfeN2S2lF6.  Calculated  %:  I  18.84. 

IV.  5,  5*-Bis-trifluoromethoxy-3,  3*-diethyl-9-methyldiiacarbocyanine  iodide. was  prepared  as  in  die  pre¬ 
vious  example.  Green  needles,  yield  357o.  Decomp.  temp.  265-266*. 

Found  %:  1  18.86,19:03.  C24H2iOiN2S2lF6.  Calculated  %:  118.84. 

V.  6,  6'-Bis-trifluoromethoxy-3,  3’-diediyl-9-ethylthiacatbocyanine  iodide.  0.4  g  2-methyl-6-trifluoro- 
methoxybenzothiazole  ethyltosylate,  0.4  g  orthopropionic  ester,  2  ml  pyridine  and  3  drops  of  acetic  anhydride 
were  boiled  for  10  minutes.  The  dye  was  precipitated  with  ether,  dissolved  in  alcohol  and  converted  to  the  iodide 
by  addition  of  anaqueous  solution  of  potassium  iodide.  Crystallized  from  alcohol.  Yield  0,1  g  (30%).  Decomp, 
temp.  248-249*. 

Found  %;  1  18.34,18.40.  C2sH230feN2S2lF6.  Calculated  %;  118.17. 

VI.  5,  5'-Bis-trifluoromethoxy-3,  3 ’-diethyl- 9-ethylthiacarbocyanine  iodide  was  prepared  as  in  the  pre¬ 
vious  example.  Yield  37%.  Decomp.  temp.  237-238*. 

Found  %:  I  18.44,  18.32.  C25H230iN2S2lF6.  Calculated  %:  I  18.17. 

VII.  2-p-Dimethylaminostyryl-67trifluoromethoxybenzothiazole  ethiodide.  0.2  g  2-methyl-6-trifluoro- 
methoxybenzothiazole  ethyltosylate,  0.08  g  p-dimethylaminobenzaldehyde  and  2  ml  acetic  anhydride  were 
boiled  for  45  minutes.  The  dye  was  precipitated  with  ether,  converted  to  die  iodide  and  the  latter  crystallized 
from  alcohol.  Yield  0.2  g  (66%).  Decomp.  temp.  250-252*. 

Found  %:  1  24.18,24.47.  C20H20ON2SIF3.  Calculated  %;  124.42. 

VIII.  2-p-Dimethylaminostyryl-5-trifluoromethoxyben2SOthiazole  ethiodide.  0.1  g  2-methyl-5-trifluoro- 
methoxybenzothiazole  ethiodide  and  0.08  g  p-dimethylaminobenzaldehyde  were  boiled  with  2  ml  acetic  anhy¬ 
dride  for  30  minutes.  The  dye  which  precipitated  was  crystallized  from  alcohol.  Yield  0.1  g  (80{fc)  Decomp, 
temp.  230*. 

Found  %:  1  24.16,24.26.  C20H20ON2SIF3.  Calculated  %;  124.42, 
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SUMMARY 


A  mediod  has  been  worked  out  for  the  preparation  of  4-aniinq>henyltrifluoromethyl  ether. 

A  description  is  given  of  the  synthesis  of  2-niethyl-5-  and  2-niediyl-6-trifluoromethoxybenzothiazoles. 
From  dieir  quaternary  salts,  8  thiacarbocyanines,  containing  trifluorom ethoxy  groups  in  the  5  and  6  positions  of 
die  benzothiazole  nucleus,  have  been  prepared.  It  has  been  found  that  the  absorption  maxima  of  the  thiacarbo¬ 
cyanines  with  the  OCFs  substituent  are  practically  the  same  as  the  absorption  maxima  of  the  unsubstituted  dyes. 
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THE  SYNTHESIS  OF  CERTAIN  SUBSTITUTED  H  E  X  A  H  YD  ROP  Y  RIM  I D  IN  ES 


(PIPERIMIDINES) 

I.  Ya.  Postovsky  and  N-.  G.  Nosenkova 


It  is  known  that  certain  heterocyclic  compounds  containing  a  benzene  residue  are  physiologically  active 
materials.  To  this  class  of  compound,  for  example,  belong  the  alkaloid  papaverine  and  the  pharmaceutical 
preparations  benzoline  (2-benzylimidazoline)  and  dibasol  (2-benzylimidazole).  Active  pyrimidine  compounds 
containing  the  benzyl  group  have  also  been  described  [1]. 

In  the  present  work  we  give  the  syntheses  of  hexahydropyrimidine  compounds  containing  N-benzyl  groups 
(I).  (We  suggest  the  name  "piperimidine"  for  tetrahydropyrimidine,  •  by  analogy  with  the 
name  piperidine  for  hexahydropyridine.  These  compounds  were  obtained  by  us  in  almost  quantitative  yield  by 
the  reaction  of  N,  N'-dibenzyltrimethylenediamine  with  aromatic  aldehydes  according  to  the  scheme; 

CHzCeHs 

^CH,-NH  Q 

CH, 

\CH,-NH  u/ 

\  “ 

CHaCeHs 


CHa 

HiC  N-CHaCeHg 
HaC  CH-R 

CHaCeHs 

(I) 


H,0. 


Lob  [2]  has  used  a  similar  method  to  prepare  imidazoline  compounds  starting  from  N,  N'-dibenzylethyl- 
enediamine. 

Onjy  a  few  examples  of  the  synthesis  of  piperimidine  compounds  have  been  described  in  die  literature. 
Thus,  Scholtz  [3]  prepared  1,  3-diphenylpiperimidine  by  the  reaction  of  N,  N’-diphenyltrimethylendiamine  with 
formaldehyde:  later,  Scholtz  and  Jaross  [4]  prepared  other  piperimidines  by  reaction  with  acetaldehyde  and  pro- 
pionaldehyde.  There  also  exists  a  patent  on  the  synthesis  of  piperimidines  from  propanediamine-1,  3  and  alde¬ 
hydes  [5].  We  have,  however,  found  no  references  in  the  literature  to  1,  3-dibenzyl  derivatives  of  piperimidine, 
and  even  N,  N’-dlbenzylpropanediamine-l,  3,  the  starting  material  for  the  synthesis,  does  not  appear  to  have 
been  described. 

The  piperimidine  compounds  prepared  by  us  are  readily  crystallizable  substances:  they  have  a  constant 
melting  point  even  after  only  one  crystallization.  They  react  as  bases  to  form  hydrochlorides  and  picrates.  A 
characteristic  reaction  is  the  decomposition  when  heated  with  dilute  acids,  with  tiie  formation  of  the  starting 
materials  (diamine  and  aldehyde).  In  this  respect  the  piperimidines  obtained  resemble  the  1,  3-dibenzylimid- 
azolidines  described  by  Lob  [2]  and  the  1,  3-diphenylimidazolines  [6],  which  are  also  hydrolyzed  to  the  aldehyde 
and  diamine  when  heated  in  dilute  acids. 

In  the  Table  below  we  give  the  data  for  the  piperimidines  synthesized.  We  also  give,  for  comparison,  data 
on  the  analogous  1,  3-dibenzylimidazolidines  (II  R'*  CH2C(H5)  (the  imidazolidines  prepared  by  us  and  not  des¬ 
cribed  in  the  literature  are  denoted  by  a  slanting  cross  x). 


•As  in  original  —  Publisher's  note. 
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H2C-N< 

I  >CH-R 
HaC-N/ 

R' 

(ID 

R'  =  CH,C.H5.  C.H,. 


H.O^  H2C-NH 
HgC-NH 


O. 

'^C— R 

h/ 


EXPERIMENTAL 

Dibenzylidenetrimethylened  i  amine. 

24  ml  50^0  aqueous  trimethyleiiediamine 
solution  (0.164  mole)  and  34.82  g  (0.334 
mole)  freshly  distilled  benzaldehyde  were 
placed  in  a  round -bottomed  flask  with  re¬ 
flux  condenser.  The  mixture  was  heated  on 
an  oil  bath  at  120*  for  half  an  hour.  The 
azomethine  obtained  was  extracted  with 
ether.  The  ether  extract  was  dried  over  ig¬ 
nited  BaO,  the  ether  distilled  off  and  the 
azomethine  vacuum  distilled.  Dibenzyl- 
idenetrimethylenediamine  was  obtained  in 
the  form  of  a  colorless  oil,  b.p.  216-21T 
(5  mm).  Yield  71  g  (74‘7o). 

d^®  1.0403,  ng  1.596,  MRp  82.33; 

calc.  82.85. 

Found  <7o:  N  10.89.  C17H18N2. 

Calculated  N  11.2 

Picrate,  m.p.  247-248*. 

Found  "/o:  N  16.00.  CnHnN2t2C8H3N307. 

Calculated  %:  N  15.81. 

N,  N*-Dibenzyltrimethylenediamine. 

68  g  dibenzylidenetrimethylenediamine  was 
dissolved  in  700  ml  anhydrous  ethyl  alcohol. 
27.6  g  metallic  sodium  was  added  portion- 
wise  to  the  solution  over  a  period  of  1.5  hours. 
When  all  the  metallic  sodium  had  been  added, 
the  reaction  mass  was  cooled  to  room  tem¬ 
perature  and  water  added  to  decompose  the 
alkoxide.  This  caused  the  diamine  to  sep¬ 
arate  on  the  surface  in  the  form  of  an  oily 
layer  which  was  removed.  To  this  was  added 
concentrated  hydrochloric  acid.  The  hydro¬ 
chloride  which  separated  was  recrystallized 
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from  water.  The  salt  was  isolated  in  the  form  of  colorless  needles  and  melted  at  288-289*  (with  decomp.). 

Found  '/u:  N  8.76;  Cl  21.44,  21.40.  CitHhN,  .2HC1.  Calculated  N  8.56;  Cl  21.68. 

I'hc  base  was  obtained  by  the  addition  of  SO/u  NaCfti  solution  to  the  purified  hydrochloride.  l1ie  base 
which  separated  was  extracted  with  ether.  The  ether  extract  was  dried  with  solid  NaC^  and  then  with  BaO.  The 
dried  diamine  was  vacuum  distilled.  The  fraction  boiling  at  201-203*  (5  mm)  was  collected,  lire  diamine  had 
the  form  of  a  colorless  oily  liquid,  rapidly  becoming  turbid  in  air  as  a  result  of  absorption  of  carbon  dioxide  and 
formation  of  the  carbonate.  Yield  44.6  g  (64.670). 

dj®  1.0211,  ng  1.562,  MRd  80.66:  calc.  80.70. 

Found  7o:  N  10.8.  CitH^Nj.  Calculated  N  11.02. 

Picrate,  m.p.  171-173*. 

Found  7c»:  N  15.52.  C17H22N2  •  2C,H3Ns07.  Calculated  7o:  N  15.73. 

The  synthesis  of  piperimidine  derivatives.  The  piperimidine  derivatives  were  prepared  by  mixing  dibenz- 
yltrimethylenediamine  wiA  aldehydes,  using  no  solvent.  The  reaction  took  place  with  slight  evolution  of  heat. 
When  the  aldehyde  taken  for  the  reaction  was  a  liquid,  the  mixture  of  aldehyde  and  amine  became  turbid  at 
first  on  mixing  and  after  several  minutes  crystals  of  the  piperimidine  derivative  came  down.  In  the  experiments 
with  p-chlorobenzaldehyde  and  piperbnal,  the  aldehyde  was  dissolved  in  the  amine  at  room  temperature  and 
the  corresponding  piperimidine  was  precipitated  in  a  few  minutes.  In  the  reaction  with  p-dimethylaminobenz- 
aldehyde,  the  reaction  mass  had  to  be  heated  to  5(f ,  to  dissolve  the  aldehyde  in  the  amine,  after  which  1,  3- 
dibenzyl-2-(p-dimethylaminophenyl)-piperimidine  was  soon  precipitated. 

As  an  example  we  give  the  synthesis  of  1,  3-dibenzyl- 2-(o-hydroxyphenyl)-piperimidine.  1  g  N,  N*-di- 
benzyltrimethylenediamine  was  mixed  with  0.54  g  salicylaldehyde.  Slight  evolution  of  heat  was  observed  and 
the  solution  became  turbid.  After  several  minutes  colorless  crystals  of  the  piperimidine  were  precipitated.  Col¬ 
orless  plates,  m.p.  110-111*,  after  recrystallization  from  alcohol.  Soluble  in  alcohol,  acetone,  ether  and  benzene, 
insoluble  in  water.  Yield  1.38  g  (997o). 


SUMMARY 

1.  The  synthesis  of  N,  N'-dibenzyldiaminopropane-l,  3  is  described. 

2.  It  has  been  shown  that  N,  N’-dibenzyldiaminopropane-l,  3  reacts  with  aldehydes  to  give  hexahydro- 
pyrimidine  (piperimidine)  derivatives  in  quantitative  yield. 
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THE  REACTION  OF  6  -  MON  OH  A  LOG  EN  OM  ETH  YLQ  U  IN  OLIN  E  S 
WITH  SODIUM  DIALKYL  PHOSPHITES 

B  .  P  .  Lugovkin 


The  synthesis  of  6-chloro-  and  6-bronnethylquinolines  [1]  enables  us  to  study  their  reaction  with  sodium 
dialkyl  phosphites.  V.  S.  Abramov  and  A.  S.  Kapustina  have  recently  studied  die  reaction  of  dialkyl  phosphites 
with  6-aldehydoquinoline:  in  this  was  they  prepared  esters  of  a-hydroxy-6-metiiylquinolinephosphinic(pho8phonic) 
acid  [2].  The  reaction  of  (j-monohalogenomethylquinolines  with  esters  of  phosphorous  acids  has  not  been  studied. 

We  have  studied  the  reaction  of  6-chloromethylquinoline  with  sodium  dimethyl,  diethyl,  dipropyl  and  di¬ 
isopropyl  phosphites  and  of  6-bromomethylquinoline  with  sodium  dibutyl  and  diisobutyl  phosphite  in  absolute 
ether. 

The  reaction  proceeded  with  the  formation  of  esters  of  6-methylquinolinephosphinic(phosphonic)acid  ac¬ 
cording  to  the  equation: 


/\/' 


-CH.,Hal 


NaOPiORa) 


\/\/ 

N 


-CH2-P(0R)2. 

II 
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The  esters  obtained  were  thick  liquids,  soluble  in  water,  alcoliol  and  ether.  They  undergo  considerable 
change  on  being  heated  to  130-200". 

The  esters  were  isolated  in  the  form  of  the  picrates.  The  methiodides  were  also  obtained.  The  results  of 
the  experiments  are  given  in  the  Table. 
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5.49 

26.30 

26.66 
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•  The  low  yield  of  the  dimethyl  ester  may  be  explained  by  the  low  solubility  of  sodium  dimethyl  phosphite  in 
ether. 
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When  6-chloromethylquinoline  was  heated  with  triethyl  phosphite  at  130-135*,  vigorous  evolution  of  ethyl 
chloride  took  place  according  to  the  A.  E.  Arbuzov  reaction: 


1^^^  ^|-CH.,CI  /\/\  CH,,-P(OC.,H.,),  -f-  C.,H,CI. 

4-  P(0C,H5);,  -^1  -  I!  ■ 

K/\/  \.K/  ^ 

N  N 


Under  the  experimental  conditions,  however,  the  picrate  and  methiodide  of  the  diethyl  6-methylquinoline- 
phosphinate  (phosphonate)  could  not  be  isolated. 

EXPERIMENTAL 

The  preparation  of  diethyl  6-methylquinolinephosphinate  (phosphonate).  A  solution  of  6  g  chloromethyl- 
quinoline  in  35  ml  dry  ether  was  added  to  an  ethereal  solution  of  sodium  diethyl  phosphite  (0.78  g  metallic 
sodium  in  40  ml  dry  edier  and  4.7  g  diethyl  phosphite.  The  mixture  was  heated  for  3  hours  with  the  ether 
boiling.*  The  next  day  the  precipitate  of  sodium  chloride  which  had  separated  (1.9  g  as  against  the  1.98  g  re¬ 
quired  dieoretically)  was  removed  and  washed  with  ether.  The  ether  was  distilled  to  yield  9.1  g  of  an  oily  liq¬ 
uid.  When  this  was  heated  at  5  mm  pressure  and  200*  (in  Wood's  metal),  vigorous  decomposition  took  place. 

In  a  repeat  experiment  the  ester  was  isolated  (without  vacuum  distillation)  as  the  picrate. 

The  picrate  was  isolated  in  the  form  of  yellow  crystals  with  m.p.  156*  by  fractional  crystallization  from 
1.3  g  of  the  ester  and  1.2  g  picric  acid  in  10  ml  anhydrous  alcohol.  Weight  of  picrate  1.8  g,  which  corresponds 
to  0.99  g  diethyl  6-methylquinolinephosphinate  (phosphonate). 

The  reaction  of  6-chloro-  and  6-bromomethylc|uinolines  with  the  sodium  salts  of  other  dialkyl  phosphites 
was  carried  out  similarly. 

The  methiodides  of  the  6-methylquinolinephosphinic  (phosphonic)  esters  were  prepared  by  the  action  of 
medtyl  iodide  (in  excess)  at  ordinary  temperatures  for  3-4  days.  The  methiodides  were  heated  with  activated 
charcoal  in  anhydrous  alcohol  and  precipitated  with  dry  ether.  Dark  yellow  oily  liquids  were  obtained;  some  of 
diem  crystallized  on  standing.  The  methiodide  of  the  diisobutyl  ester  was  isolated  in  the  form  of  pale  yellow 
crystals,  yield  of  methiodides  70-807o.  Readily  soluble  in  water  and  anhydrous  alcohol,  insoluble  in  dry  ether. 

When  ethyl  6-methylquinolinephosphinate  (phosphonate)  was  hydrolyzed  with  dilute  hydrochloric  acid,  6- 
mediylquinolinephosphinic  (phosphonic)  acid  hydrochloride  was  obtained  in  the  form  of  crystals  with  m.p.  286“ 
(melted  without  sintering)  (from  aqueous  alcohol). 

SUMMARY 

A  study  has  been  made  of  the  reaction  of  6-chloro-  and  6-bromomethylquinolines  with  sodium  dialkyl  phos¬ 
phites. 

Dimethyl,  diediyl,  dipropyl,  diisopropyl,  dibutyl  and  diisobutyl  6-methylquinolinephosphinates  (phosphonates) 
have  been  synthesized  and  identified  as  their  picrates  and  methiodides. 
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•  In  the  experiments  with  6-bromomethyl'  uinoline  the  mixture  was  heated  for  half  an  hour;  sodium  bromide 
separated  at  ordinary  temperatures. 
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p- CHLOROBENZENESULFONAMIDE  AND  ITS  DERIVATIVES 


A.  M.  Grigorovsky,  N.-N.  Dykhanov  and  Z.  M.  Kimen 


There  are  in  the  literature  very  many  examples,  a  number  of  which  have  been  studied  in  detail,  of  the 
preparation  of  arylsulfonamides  and  their  N-derivatives  from  arylsulfonyl  chlorides.  Certain  of  these  reactions, 
which  are  of  importance  in  connection  with  the  preparation  of  medicinal  compounds,  have  been  less  closely 
studied.  In  particular,  it  has  proved  necessary  for  production  purposes  to  make  a  detailed  study  of  the  formation 
of  p-chlorosulfonamide  and  its  N-derivatives.  These  compounds  may  be  used  as  intermediate  products  in  the 
industrial  synthesis  of  medicinal  sulfanilamide  materials. 

The  synthesis  of  p-chlorobenzenesulfonamide  by  the  reaction  of  p-chlorobenzenesulfonyl  chloride  with 
aqueous  ammonia  solution  was  achieved  at  an  early  date;  the  first  descriptions  give  no  details  and  do  not  report 
die  yield  of  amide  [1].  This  synthesis  was  repeated  in  1947  by  A.  M.  Grigorovsky  and  K.  I.  Znaeva:  the  yield 
of  technical  p-chlorobenzenesulfonamide  obtained  by  them  was  mote  than  90%  of  the  theoretical  [2].  We  have 
now  established  that  the  yield  of  p-chlorobenzenesulfonamide  in  the  reaction  of  p-chlorobenzenesulfonyl  chlo¬ 
ride  with  aqueous  ammonia  solution,  even  when  a  large  excess  is  used,  may  vary  between  wide  limits,  from  65 
to  957o  of  the  theoretical.  The  reason  for  this  lies  in  the  fact  that  in  the  above  process,  in  addition  to  the  main 
reaction  involving  the  formation  of  the  amide  from  die  p-chlorobenzenesulfonyl  chloride  (1),  a  side  reaction 
involving  the  acylation  of  the  initially  formed  p-chlorobenzenesulfonamide  by  the  p-chlorobenzenesulfonyl 
chloride  (2)  with  the  formation  of  the  imide  of  p-chlorobenzenesulfonic  acid  (p-chlorobenzenesulfonimide): 


2)  Cl- 


1)  Cl-<f  ^-SOgCI  2NH3  — »■  C!— ^  SOoNH2-f-NH4CI: 

<f  ^-SOzNH,,-*- CISQi-<f  ^-Cl  |  CI-(^ _ ^-S02)2NH-f-NH4CI. 


p-Chlorobenzenesulfonimide  is  formed  in  minimum  amount  only  with  vigorous  stirring  of  the  reaction  mass 
and  slow  addition  of  the  sulfonyl  chloride  to  the  aqueous  ammonia  (to  avoid  local  supeiheating).  To  achieve  the 
best  yield  of  p-chlorobenzenesulfonamide  in  the  reaction  of  p-chlorobenzenesulfonyl  chloride  with  aqueous  am¬ 
monia  solution,  the  reaction  must  be  carried  out  by  slowly  adding  1  mole  of  the  sulfonyl  chloride  to  4-5  moles 
of  17-25%  ammcMiia  solution  at  a  temperature  not  exceeding  25*  and  with  vigorous  stirring.  When  the  reagents 
have  been  mixed,  the  reaction  mass  must  be  heated  for  50-60  minutes  at  65-70*.  Under  these  conditions  the 
yield  of  p-chlorobcnzenesulfonamide  reaches  92-93%  of  the  theoretical. 

When  stirring  is  inefficient  and  the  sulfonyl  chloride  is  added  all  at  once,  the  yield  of  p-chlorobenzene¬ 
sulfonamide  falls  sharply  and  the  amount  of  imide  formed  readies  as  much  as  25%  of  the  theoretically  possible 
value. 

In  the  reactions  of  ben2senesulfonyl  chloride  and  p-acylaminobenzenesulfonyl  chlorides  with  ammonia  in 
Ae  same  conditions,  the  corresponding  imides,  according  to  our  observations,  are  not  formed. 


*  Communication  No.  II  in  a  series  of  works  on  the  synthesis  of  sulfanilamide  and  its  N-substituted  derivatives; 
see  [3]  for  communication  No.  I. 
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V.’ Viialltlie  siilfonyl  chloride  had  been  added,  the  reaction  mass  was  slowly  heated  to  (’.5-70*  and  kept  at  this  tem¬ 
perature  for  1  hour  with  uninterrupted  stirring.  The  mixture  of  p-chlorobenzenesulfonamide,  ammonium  salt  of  p- 
chlorobenzenesulfonimide  and  p,p'-dichlorodiphenylsnlfone  which  precipitated  was  filtered  off,  washed  with  100 
ml  water  and  carefully  pressed  out.  The  moist  paste  of  the  mixed  compounds  (80-90  g)  was  added  to  125  ml  lO'Vi 
aqueotis  caustic  soda  solution,  stirred  for  1 0  minutes  and  the  part  of  the  precipitate  which  d  id  not  dissolve  “  a  mixture 
of  p,p’-dichlorodiphcnylsulfone  and  the  sodium  salt  of  p-chlorol>enzenesnlfonirnide  ~  filtered  off.  This  mixture  was 
washed  on  the  filter  with  25  ml  10/u  caustic  soda  solution  and  the  washings  added  to  the  main  filtrate. 

The  alkaline  filtrate-  a  solution  of  the  sodium  salt  of  p-chlorobenzenesulfonamide— was  acidified  with 
concentrated  hydrochloric  acid  until  weakly  acid  to  congo  red.  The  precipitate  of  p-chlorobenzenesulfonamide 
obtained  was  filtered  off,  washed  with  water  until  the  washings  showed  no  acid  reaction  and  dried  to  constant 
weight  at  100*.  The  yield  of  p-chlorobenzenesulfonamide  free  from  impurities  amounted  to  58-59  g  (92-93%). 

p-Chlorobenzenesulfonamide  is  readily  soluble  in  alcohol,  acetone,  pyridine  and  in  dilute  aqueous  solutions 
of  caustic  alkali,  sparingly  soluble  in  cold  water  (1 :250)  and  also  in  aqueous  alkali  carbonate  solutions;  it  crys¬ 
tallizes  from  water  (1:25)  in  the  form  of  fine  colorless  needles,  m.p.  146-14T. 

The  mixture  of  p,  p*-dichlorodiphenylsulfone  and  the  sodium  salt  of  p-chlorobenzenesulfoniitiide  obtained 
as  described  above  was  added  to  50-60  ml  boiling  water,  stirred  for  2-3  minutes  and  the  water- insoluble  p,  p’- 
dichlorodiphenylsulfone  filtered  off;  after  recrystallization  from  4  times  its  weight  of  acetone,  the  sulfone  was 
obtained  in  the  form  of  white  needles,  m.p.  147-148*.  The  yield  of  sulfone  corresponds  to  the  amount  deter¬ 
mined  by  analysis  in  the  paste  of  the  technical  sulfonyl  chloride  (4-5  g). 

The  aqueous  filtrate  (from  the  separation  of  the  p,  p'-dichlorodiphenylsulfone)  was  evaporated  to  a  volume 
of  20-25  ml.  In  this  way  a  white  crystalline  precipitate  was  obtained,  filtered  off  and  dried  at  105*  to  constant 
weight.  1.8-2.5  g  of  the  sodium  salt  of  p-chlorobenzenesulfonimide  was  obtained,  which  corresponds  to  3-4% 
of  the  possible  amount  calculated  on  the  p-chlorobenzenesulfonyl  chloride  taken  for  the  reaction. 

The  sodium  salt  of  p-chlorobenzenesulfonimide  is  insoluble  in  organic  solvents;  solubility  in  water  at  20"— 

1 :200;  crystallized  from  hot  water  (1 :3)  in  the  form  of  colorless  plates,  wliich  remain  unchanged  when  heated 
up  to  250*. 

Found  %:  C  37.46;  H  2.01;  N  3.67;  Cl  18.34.  CuHg04NSiCl2Na.  Calculated  %:  C  37.32;  H  2.04;  N  3.60; 

Cl  18.26. 

The  imide  of  p-chlorobenzenesulfonic  acid,  isolated  from  a  solution  of  its  sodium  salt  by  neutralization 
with  sulfuric  or  hydrochloric  acid,  is  a  white  amorphous  powder,  melting  after  drying  at  203-205* ;  readily  soluble 
in  tlie  cold  in  alcohol,  acetone,  pyridine  and  in  aqueous  alkali  carbonate  solutions  (in  contrast  to  the  correspond¬ 
ing  amide);  sparingly  soluble  in  cold  water  (1:75  at  20")  and  completely  insoluble  in  aromatic  hydrocarbons; 
crystallized  from  water  (1:30)  in  the  form  of  fine  colorless  needles,  m^).  207-208*.* 

Found  7o:  C  39.47;  H  2.34;  N  4.03;  Cl  19.21.  CizHjO^NSjClj .  Calculated  %:  C  39.31;  H  2.47;  N  3.82; 

Cl  19.36. 

The  structure  of  p-chlorobenzenesulfonimide  is  proved  by  its  synthesis  from  p-chlorobenzenesulfonyl  chlo¬ 
ride  and  the  sodium  salt  of  p-chlorobenzencsulfonamidc  as  described  below.  500  ml  5%  caustic  soda  solution 
and  21  g  p-chlorobenzenesulfonamide  were  placed  in  an  apparatus  similar  to  that  used  for  the  preparation  of  the 
amide  from  p-chlorobenzenesulfonyl  chloride.  38  g  of  a  paste  of  70%  technical  p-chlorobenzenesulfonyl  chloride 
(containing  5.5%  p,  p'-dichlorodiphenylsulfone)  was  added  in  small  portions  with  stirring  at  48-50*  to  the  solution 
obtained.  The  reaction  medium  was  kept  weakly  alkaline  to  bromothymol  blue  (pH  approximately  7)  throughout 
this  process  by  the  periodic  addition  of  5%  caustic  soda  solution  to  the  reaction  mass.  When  all  the  sulfonyl  chlo¬ 
ride  had  been  added,  die  reaction  mass  was  heated  to  80*;  after  10  minutes'  stirring  at  this  temperature  the  pre¬ 
cipitate  of  p,  p'-dichlorodiphenylsulfone  was  filtered  off.  The  filtrate— a  solution  of  the  sodium  salt  of  p-chloro¬ 
benzenesulfonimide- was  clarified  by  boiling  with  activated  charcoal;  the  solution  was  filtered  from  the  charcoal, 
cooled  to  room  termperature  and  AQf’jo  caustic  soda  solution  added  until  no  further  precipitate  came  down  (140- 
150  ml).  The  precipitate  of  the  sodium  salt  of  p-chlorobenzenesulfonimide  obtained  was  filtered  off,  washed 


Literature  data  for  this  compound,  m4).' 206-207*  [11]. 


The  presence  In  technical  p-chlorobenzenesulfonyl  chloride  of  p,  p*-dichlorodiphenylsulfone  impurity  in 
amounts  up  to  8'’/o  by  weight  of  the  sulfonyl  chloride*  has  no  influence  on  the  experimental  result.  On  this  basis 
we  used  both  pure  and  technical  p-chlorobenzenesulfonyl  chloride  in  the  synthesis  of  p-chlorobenzenesulfonamide 
and  its  derivatives.  The  alkali- insoluble  p,  p'-dichlorodiphenylsulfone  was  quantitatively  separated  (by  filtra¬ 
tion)  from  the  solutions  of  the  alkali  salts  of  p-chlorobenzenesulfonamide  and  its  N-monosubstituted  derivatives. 

The  separation  of  the  amide  and  imide  of  p-chlorobcnzenesulfonic  acid  is  easily  achieved,  thanks  to  their 
different  solubilities  in  excess  aqueous  caustic  alkali  solution.  The  sodium  salt  of  the  imide,  which  is  sparingly 
soluble  in  excess  caustic  soda,  is  separated  together  with  tlie  p,  p'-dichlorodiphenylsulfone  by  filtration  from  the 
sodium  salt  of  the  amide,  which  is  readily  soluble  under  the  same  conditions.  The  sodium  salt  of  the  p-chloro- 
benzenesulfonimide  is  separated  from  the  p,  p'-dichlorodiphenylsulfone  by  dissolving  in  hot  water;  it  is  reprecip¬ 
itated  by  concentrating  the  aqueous  solution  by  evaporation.  The  amide  and  imide  of  p-chlorobenzenesulfonic 
acid  are  isolated  by  precipitation  on  neutralization  of  aqueous  solutions  of  their  sodium  salts  with  sulfuric  or 
hydrochloric  acid.  An  aqueous  solution  of  p-chlorobenzenesulfonimide,  unlike  that  of  p-chlorobenzenesulfon¬ 
amide,  gives  a  reaction  with  congo  red  similar  to  that  of  strong  acids. 

For  the  preparation  of  p-chlorobenzenesulfonamide  derivatives  containing  aliphatic  or  unsubstituted  aro¬ 
matic  radicals  on  the  nitrogen,  we  successfully  employed  the  method  for  the  synthesis  of  such  compounds  pro¬ 
posed  as  early  as  1870  by  A.  F.  Wolkowa.  According  to  this  method,  N- alkyl-  and  N-arylamides  of  arylsulfonic 
acids  are  prepared  by  the  reaction  of  equimolecular  amounts  of  arylsulfonyl  chlorides  and  alkylamines  (or  aryl- 
amines)  in  the  presence  of  an  equivalent  quantity  of  aqueous  caustic  alkali  solution  [4].  We  have  studied  the 
reaction  under  these  conditions  of  p-chlorobenzenesulfonyl  chloride  with  ethylamine  and  aniline.  The  synthesis 
of  p-[N-(p'-sulfonamidophenyl)]-chlorobenzenesulfonamide  from  p-chlorobenzenesulfonyl  chloride  and  sulfanil¬ 
amide  cannot  be  achieved  in  this  way,  since,  in  this  case,  in  die  presence  of  caustic  alkali,  die  sulfonic  acid 
residue  replaces  a  hydrogen  atom  in  the  position  in  the  sulfanilamide  [5].  A  suitable  method  for  the  synthesis 
of  the  compound  named  above  is  that  for  the  synthesis  of  N^-(N-acylsulfanilyl)  derivatives  of  sulfanilamide,  pro¬ 
posed  by  E.  S.  Golovchinskaya  and  consisting  of  the  alternate  addition  of  acylanilylsulfonyl  chloride  and  sodium 
carbonate  to  an  aqueous  solution  of  sulfanilamide  saturated  with  sodium  chloride  and  heated  to  70*  [6]. 

p-Chlorobenzenesulfonamide  derivatives  with  heterocyclic  nitrogen-containing  radicals  as  substituents  on 
the  nitrogen  were  prepared  by  us  by  the  reaction  of  equimolecular  quantities  of  p-chlorobenzenesulfonyl  chloride 
and  primary  heterocyclic  amines  in  pyridine  solution.  The  N-(2-pyridyl),  N-(2-pyrimidyl)  and  N-(2-thiazolyl) 
derivatives  of  p-chlorobenzenesulfonamide  have  been  prepared  in  this  way.  These  compounds,  like  the  above- 
mentioned  p-N-(p'-sulfonamidophenyl)-chlorobenzenesulfonamide,  cannot  be  prepared  by  the  method  of  A.  F. 
Wolkowa:  2-amino-substituted  nitrogen- containing  heterocyclic  compounds  react  in  aqueous  alkaline  medium 
in  the  tautomeric  form  with  two  molecules  of  arylsulfonyl  chloride,  with  the  formation  of  N,  N'-disubstituted 
derivatives  [7]. 

We  have  achieved  the  synthesis  of  several  N-acyl  derivatives  of  p-chlorobenzenesulfonamide  by  the  action 
of  acylating  agents  on  the  amide. 

N-acyl  derivatives  of  p-chlorobenzenesulfonamide  have  greater  acidic  properties  than  p-chlorobenzene¬ 
sulfonamide:  a  characteristic  reaction  is  the  formation  of  metallic  salts  by  merely  dissolving  in  alkali  carbonates. 
This  property  may  be  used  to  separate  a  mixture  of  p-chlorobenzenesulfonamide  and  its  N-acyl  derivative. 

EXPERIMENTAL 

The  amide  and  imide  of  p-chlorobenzenesulfonic  acid.  125  ml  2b°Jo  aqueous  ammonia  solution  was  placed 
in  a  three-necked  flask  of  500  ml  capacity  fitted  with  stirrer  and  thermometer,  and  110-120  g  of  a  moist  paste 
of  technical  p-chlorobcnzenesulfonyl  chloride  containing  by  analysis  •  •  IQPjo  basic  material  and  4-5  g  p,  p'-di¬ 
chlorodiphenylsulfone  was  added  in  small  portions  over  a  period  of  30-40  minutes.  During  the  addition  of  the 
sulfonyl  chloride  the  temperature  of  the  reaction  mass  was  kept  between  20-25*  by  external  cooling  with  water. 


•  p-p'-Dichlorodiphenylsulfone  is  formed  in  the  amount  indicated  together  with  the  p-chlorobenzenesulfonyl 
chloride  in  the  reaction  of  chlorosulfonic  acid  with  chlorobenzene  [3]. 

•  •  The  method  for  the  analysis  of  technical  p-chlorobenzenesulfonyl  chloride  has  been  given  earlier  [3]. 
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with  100  ml  water,  cooled  to  5-6“  and  dried  to  constant  weight  at  105“;  41.6  g  of  dry  salt  was  obtained  (96.7'^fc 
of  the  theoretically  possible  amount  calculated  on  the  p-chlorobenzenesulfonamide  taken  for  the  reaction).  The 
free  imide  of  p-chlorobenzenesulfonic  acid,  m.p.  207“  (from  water)  was  obtained  from  its  sodium  salt  by  the 
metfiod  described  above.  A  mixture  of  this  substance  with  the  p-chlorobenzenesulfonimide  obtained  as  a  side- 
product  of  the  preparation  of  the  amide  from  p-chlorobenzenesulfonyl  diloride  melted  without  depression. 

p-(N- Ethyl)- chlorobenzcncsulfonamide.  75  ml  25^0  caustic  soda  solution  and  150  g  of  a  paste  of  technical 
80%  p-chlorobenzenesulfonyl  chloride  (0.57  mole)  were  added  alternately  in  small  portions  with  vigorous  stirring 
to  a  solution  of  24  g  cthylamine  (0.53  mole)  in  280  ml  water,  the  temperature  being  kept  within  the  limits  35-40r , 
The  mixture  was  stirred  for  1  hour  and  then  cooled  to  20-25“.  The  mixture  of  p-(N-ethyl)-chlorobenzenesulfon- 
amide  and  p,  p'-dichlorodiphenylsulfone  precipitated  was  filtered  off  and  washed  successively  with  50  ml  water, 

5  ml  2%  hydrochloric  acid  and  again  with  water  until  the  washings  showed  no  acid  reaction  to  Congo  red. 

The  technical  p-(N-ethyl)-chlorobenzenesulfonamide  was  added  to  2. 5  liters  4%caustic  soda  solution  and 
heated  with  stirring  to  50*.  The  mixture  was  cooled,  the  alkali- insoluble  p,  p'-dichlorodiphenylsulfone  filtered 
off,  the  filtrate  clarified  with  charcoal  and  p-(N-ethyl)-chlorobenzenesulfonamide  separated  by  the  addition  of 
15%  hydrochloric  acid;  the  precipitate  was  filtered  off,  washed  with  water  and  dried.  Yield  108.6  g  (93%  of  the 
dieoretical,  calculated  on  the  ethylamine).  The  substance  is  readily  soluble  in  alcohol,  acetone  and  ether,  spar¬ 
ingly  soluble  in  benzene  and  toluene,  insoluble  in  water;  crystallized  from  alcohol  (1 :5)  in  the  form  of  colorless 
needles,  m.p.  73.5“. 

Found  %:  C  43.98;  H  4.34;  N  6.40.  CgHioOiNSCl.  Calculated  %:  C  43.72;  H  4.58;  N  6.36. 

p-  (N  -  Phenyl)-  chlorobenzenesulfonamide.  Prepared  as  in  the  previous  experiment  from  66  g  of  a  paste  of 
technical  80%  p-chlorobenzenesulfonyl  chloride,  25  ml  25%  caustic  soda  solution  and  an  emulsion  of  23.3  g 
aniline  in  265  ml  water;  yield  95%  of  the  theoretical. 

p-(N-Phenyl)-chlorobenzenesulfonamide  is  readily  soluble  in  the  cold  in  alcohol,  acetone  and  ether,  in¬ 
soluble  in  water,  benzene  and  toluene;  crystallizes  from  50%  alcohol  in  the  form  of  colorless  plates,  m.p.  105“  [8], 

Found  %:  C  53.72;  H  3.68;  N  4.98.  C^HioOsNSCl.  Calculated  %;  C  53.83;  H  3.76;  N  5.23. 

p-[N-(p*-Sulfonamidophenyl)]- chlorobenzenesulfonamide.  The  synthesis  of  this  compound  from  sulfanil¬ 
amide  and  p-chlorobensienesulfonyl  chloride  was  carried  out  in  conditions  similar  to  those  recommended  for  the 
preparation  of  the  medicinal  compound  disulfane— N^-sulfanilylsulfanilamide  [6i 

p-[N-p'-sulfonamidophenyl]-chlorobenzenesulfonamide  was  obtained  with  m.p.  186-188“  (80-82%  of  theo¬ 
retical,  calculated  on  the  sulfanilamide)  after  precipitation  from  alkaline  solution.  The  substance  is  readily  sol¬ 
uble  in  alcohol  and  acetone  .insoluble  in  water,  dichloroethane  and  aromatic  hydrocarbons;  crystallizes  from  50% 
alcohol  in  the  form  of  colorless  leaflets,  m.p.  196-196.5“. 

Found  %:  N  7.88;  Cl  10.31.  Ci2Ha04N2S2Cl.  Calculated  %:  N  8.07;  Cl  10.22. 

p-[N-(2-Pyridyl)]- chlorobenzenesulfonamide.  According  to  patent  data,  p-[N-(2-pyridyl)J-chlorobenzene- 
sulfonamide  and  the  p-[N  (2-thiazolyl)]-chlorobenzenesulphonamide  described  below  can  be  prepared  by  heating 
p-chlorobenzenesulfonamide  with  2-bromopyridine  and  2-bromodiiazole  respectively  in  die  presence  of  copper 
catalyst  and  substances  which  combine  with  the  hydrogen  chloride  liberated  [9].  The  properties  of  neither  sub¬ 
stance  are  described  in  the  patents.  The  compounds  named  were  prepared  by  us  by  the  reaction  of  p-chloroben¬ 
zenesulfonyl  chloride  with  2-aminopyridine  and  with  2-aminothiazole  in  pyridine  solution. 

152  g  technical  p-chlorobenzenesulfonyl  chloride  (0.5  mole)  was  added  in  small  portions  with  stirring  to  a 
solution  of  47  g  2-aminopyridine  (0.5  mole)  in  300  ml  pyridine.  The  reaction  mass  was  then  heated  for  3  hours 
at  65-7Cr,  after  which  150  ml  of  pyridine  was  distilled  off. 

The  part  of  the  reaction  mass  remaining  was  poured  widi  stirring  into  5  times  its  volume  of  water.  The 
mixture  of  p-[N- (2- pyridyl)]- chlorobenzenesulfonamide  and  p,  p'-dichlorodiphenylsulfone  precipitated  in  this 
way  was  filtered  off,  washed  carefully  with  water  and  then  heated  with  200  ml  8%  aqueous  caustic  soda  solution 
for  10-15  minutes  at  50*.  The  alkali- insoluble  p,  p'-dichlorodiphenylsulfone  was  filtered  off;  the  filtrate- a  solu¬ 
tion  of  the  sodium  salt  of  p-[N-(2-pyridyl)]-chlorobenzenesulfonamide— was  clarified  by  boiling  with  active  char¬ 
coal  and  the  free  p-[NX2-pyridyl)]-chlorobenzenesulfonamide  isolated  from  it  in  the  form  of  a  light  cream-colored 
precipitate  by  the  addition  of  concentrated  hydrochloric  acid  until  weakly  acid  to  congo  red.  The  precipitate  of 
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the  amide  was  filtered  off,  washed  with  water  and  dried  at  150’;  a  material  with  m.p.  188-190"  was  obtained, 
yield  100-101  g  (74-75%). 

p-[N-(2-Pyridyl)]-chlorobenzenesulfonamide  is  readily  soluble  in  alcohol,  acetone  and  pyridine,  insoluble 
in  water  and  in  aromatic  hydrocarbons;  crystallizes  from  alcohol  (1  ;5)  in  the  form  of  fine  colorless  needles, 
m.p.  191-191.5*. 

Found  %:  N  10.65;  Cl  13.00.  CuHgOfeNjSCl.  Calculated  7o;  N  10.42;  Cl  13.19. 

p-[N-(2-Pyrimidyl)]-chlorobenzenesulfonamide.  11.5  g  2-aminopyrimidine  (0.12  mole),  46  g  technical 
p-chlorobenzenesulfonyl  chloride  (0.19  mole)  and  75  ml  pyridine  were  heated  for  30  minutes  at  50*.  The  amide 
was  purified  as  in  the  previous  syntliesis.  Yield  of  technical  p-[N-(2-pyrimidyl)]-chlorobenzenesulfonamide 
with  m.p.  200-203’-21  g  (65%). 

The  substance  dissolves  on  heating  in  ethyl  alcohol,  acetone  and  pyridine,  is  insoluble  in  water,  methyl 
alcohol  and  aromatic  hydrocarbons;  crystallizes  from  a  mixture  of  acetone  and  methyl  alcohol  in  the  form  of 
colorless  needles,  m.p.  203-204*. 

Found  %:  C  44.54;  H  3.00;  N  15.36.  Ci^gOiNgSCl.  Calculated  %:  C  44.53;  H  2.98;  N  15.58. 

p-[N-(2-Thiazolyl)]-chlorobenzenesulfonamide.  The  mixture  of  p-[N-(2-thiazolyl)]-chlorobenzenesulfon- 
amide  and  p,  p'-dichlorodiphenykulfone  obtained  by  heating  50  g  technical  89.7%  2-aminothiazole  with  160  g 
technical  67%  p-chlorobenzenesulfonyl  chloride  in  125  ml  pyridine  for  4  houts  at  70-80°  was  diluted  with  200 
ml  water  and  the  precipitate  obtained  treated  with  150  ml  aqueous  caustic  soda  solution  as  described  above  for 
tfie  similar  operation  in  the  synthesis  of  p-[N-(2-pyridyl)]-chlorobenzenesulfonamide. 

In  this  way  37  g  (~27%)  of  p-[N-(2-thiazolyH)fchlorobenzenesulfonamide  with  m.p.  198-200*  was  obtained. 
The  substance  is  readily  soluble  in  alcohol,  acetone  and  pyridine,  insoluble  in  water  and  aromatic  hydrocarbons; 
crystallizes  from  alcohol  (1  ;5)  in  the  form  of  fine  colorless  needles,  m.p.  201-202*. 

Found  %:  N  10.30;  Cl  12.69.  CgHTOiNzSzCl.  Calculated  %:  N  10.19;  Cl  12.90. 

p-(N-Benzoyl)-chlorobenzenesulfonamide.  This  compound  was  synthesized  by  N.  V.  Khromov- Borisov  by 
heating  1  mole  p-chlorobenzenesulfonamide  with  2.5  moles  benzoyl  chloride  at  160-200*  [10].  We  carried  out 
the  benzoylation  of  p-chlorobenzenesulfonamide  with  an  excess  of  benzoyl  chloride  in  aqueous  caustic  alkali 
solution. 

154  g  benzoyl  chloride  was  added  with  stirring  over  a  period  of  2.5-3  houts  to  a  solution  of  191.5  g  p- 
chlorobenzenesulfonamide  in  950  ml  5%  caustic  soda  solution.  The  reaction  medium  was  kept  weakly  alkaline 
to  bromothymol  blue  by  the  addition  of  small  portions  of  5%  caustic  soda  solution  (700-701  ml  in  all).  The  re¬ 
action  solution  was  clarified  with  charcoal;  the  charcoal  was  filtered  off  and  the  p-(N-benzoyl)-chlorobenzene- 
sulfondmide  liberated  by  the  addition  of  15  %  hydrochloric  acid;  the  amorphous  precipitate  was  filtered  off, 
washed  with  water  and  dried.  Yield  285  g  (96%).  The  substance  is  sparingly  soluble  in  cold  water;  solubility  in 
hot  water-  1 :40;  it  dissolves  in  alcohol,  acetone  and  pyridine;  crystallizes  from  50%  alcohol  in  the  form  of 
colorless  needles,  m.p.  182*. 

Found  %:  N  4.74;  Cl  12.05.  CuHjoOiNSCl.  Calculated  %;  N  4.72;  Cl  11.94. 

p-(N- Acetyl)- chlorobenzenesulfonamide.  A  solution  of  360  g  p-chlorobenzenesulfonamide  and  280  g 
acetic  anhydride  in  525  ml  dry  pyridine  was  boiled  gently  for  3  houts  and  then  poured  with  stirring  into  3  liters 
of  cold  water.  The  precipitate  obtained  was  filtered  off,  carefully  washed  with  water  and  dried  at  105* .  Yield 
of  p-(N-acetyl)-chlorobenzenesulfonamide,  m.p,  186-189^,  395  g  (90%  of  theoretical,  calculated  on  the  chloro¬ 
benzenesulfonamide). 

The  substance  14  sparingly  soluble  in  cold  water;  its  solubility  in  boiling  water  is  1:30;  it  is  readily  soluble 
in  the  cold  in  dilute  aqueous  solutions  of  caustic  alkali  or  alkali  carbonates,  in  alcohol,  acetone  and  pyridine; 
it  does  not  dissolve  in  aromatic  hydrocarbons;  it  crystallizes  from  50%  alcohol  in  the  form  of  fine  colorless  ne¬ 
edles,  m.p.  192.5*. 

Found  %;  N  5.91;  Cl  15.28.  C,HgO,NSCl.  Calculated  %;  N  5.98;  Cl  15.17. 


SUMMARY 

1.  In  tfic  reaction  of  p-chlorobenzenesulfonyl  chloride  witfi  aqueous  ammonia  solution,  there  takes  place, 
togetfier  with  the  main  reaction,  a  side  reaction  involving  die  acylation  of  the  initially  formed  p-chlorobenzene- 
sulfonamide  by  the  p-chlorobenzenesulfonyl  chloride,  as  a  result  of  which  the  imide  of  p-chlorobenzenesulfonic 
acid  is  formed.  This  side  reaction  may  be  almost  completely  avoided  by  mixing  the  reagents  slowly  with  vig¬ 
orous  stirring. 

2.  In  the  synthesis  of  N-substituted  derivatives  of  p-chlorobenzenesulfonamide  by  the  reaction  of  p-chloro- 
benzenesulfonyl  chloride  with  amines,  decomposition  of  die  amines  may  be  decreased  by  using  different  bases 
whidi  combine  with  the  hydrogen  chloride  formed  during  the  reaction.  The  choice  of  base  in  each  case  is  deter¬ 
mined  by  the  properties  of  the  original  amine. 

3.  Derivatives  of  p-chlorobenzenesulfonamide  containing  the  following  radicals  on  the  nitrogen  have  been 
described  for  the  first  time:  CjHs,  CsH4SC)^NH2,  CtXIHs  and  C4H3N2  (pyrimidyl). 
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THE  AUTOXIDATION  OF  SUBSTITUTED  ALKYL  HOMGLOGS  OF  BENZENE 


I.  THE  PREPARATION  OF  p-NITROCUMENE  HYDROPEROXIDE 
P.  G.  Sergeev  and  A.  M.  Sladkov 

In  a  recently  published  work  [1]  Hock  and  Kropf  mention  the  preparation  by  diem  of  p-nitiocumene  hy¬ 
droperoxide  by  the  autoxidation  of  p-nitrocumene.  This  report  has  led  us  to  publish  a  small  part  of  a  study  car¬ 
ried  out  by  us  some  time  ago  on  the  autoxidation  of  alkyl  homologs  of  benzene  with  substituents  in  the  nucleus « 
namely  the  part  devoted  to  the  preparation  and  some  of  the  reactions  of  p-nitrocumene  hydroperoxide. 

Whereas  diere  is  a  great  amount  of  data  in  the  literature  on  the  autoxidation  of  alkyl  homologs  of  benzene 
[2]  containing  one  or  several  alkyl  groups,  there  are  only  isolated  examples  of  the  autoxidation  of  such  compounds 
containing  any  sort  of  substituent  in  the  nucleus.  At  the  same  time,  as  a  rule,  the  primary  products  of  the  auto¬ 
xidation -hydroperoxides -have  not  been  isolated  or  studied,  and  the  authors  have  based  their  conclusions  on  the 
course  of  the  reaction  solely  from  the  final  products. 

Examples  of  these  works  include  the  study  carried  out  by  Emerson  and  coworkets  [3]  on  the  catalytic  oxida¬ 
tion  in  the  liquid  phase  of  o-  and  p-nitroethylbenzenes  to  die  corresponding  nitroacetophenones,  a  short  com¬ 
munication  from  Treves  [4]  cxi  the  autoxidation  of  2-methoxy-2-nitrotoluene,  a  description  of  a  method  for  die 
preparation  of  p-acetylbenzoic  acid  by  the  autoxidation  of  methyl  p-ediylbenzoate  [5],  and  finally,  a  report  on 
the  setting  up  of  an  industrial  method  for  the  preparation  of  terephthalic  acid,  one  of  die  stages  of  which  is  die 
autoxidation  of  methyl  p-toluate  to  mono- methyl  terefdithalate  [6].  The  last  example  shows  the  great  impor¬ 
tance  of  the  study  of  the  autoxidation  of  alkyl  homologs  of  benzene  with  substituents  in  the  nucleus. 

It  should  be  noted  that  the  autoxidation  of  the  compounds  enumerated  above  was  carried  out,  as  a  rule,  in 
severe  conditions  (at  130-14(f ,  in  the  presence  of  large  quantities  of  catalyst),  which  leads  to  an  abundance  of 
side  reactions  and  the  complete  decomposition  of  the  hydroperoxides  initially  formed. 

In  contrast  to  these  works,  our  aim  has  been  to  isolate  the  primary  products  of  the  autoxidation  and  to 
identify  them  by  conversion  of  the  hydroperoxides  into  known  products  by  several  reactions. 

The  reactions  carried  out  by  us,  widi  p-nitrocumene  as  starting  material,  may  be  represented  by  the  fol¬ 
lowing  scheme: 


CHs  _  CHa  02N-<f  V-OH 

0,N-<f’^^  ^CH  0,N-<f“S-C~0-  O-H  ^ 

<!h,  <!«,  o.n-<3-coch,. 


EXPERIMENTAL 

The  original  p-nitrocumene  was  prepared  by  the  nitration  of  isopropylbenzene  with  a  mixture  of  nitric 
(d  1.4)  and  sulfuric  (d  1.84)  acids.  Yield  of  p-nitrocumene  with  b.p.  107*  (at  1  mm)  approximately  80^  n” 
1.5341,  df  1.0900.  Literature  data  [7]:  ng  1.53465,  dg  1.0852;  hjp.  128.3’  (at  12.8  mm). 
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The  autoxidatlon  of  p-nitrocumene.  The  process  was  carried  out  in  a  glass  column  packed  with  segments 
of  glass  tubing  5x2  mm.  Air  was  blown  at  a  rate  of  0.6- 0.7  liters/minute  through  50  ml  (54.5  g;  0.33  mole) 
p-nitrocumene  at  lOCT.  0.01  g  nickel  benzoate  was  added  to  initiate  the  process.  After  55  houis  the  reaction 
mass  contained  38.5‘^  hydroperoxide  (iodometric  determination)  and  die  refractive  index  of  the  reaction  mass 
had  risen  to  n^  1.5540. 

bolation  of  die  hydroperoxide.  After  the  oxidation,  an  equal  volume  of  n-pentane,  with  which  p-nltro- 
cumene  is  completely  miscible,  was  added  to  the  reaction  mass.  The  part  which  was  insoluble  in  the  pentane 
had  the  form  of  a  light  yellow  oil  and  gradually  crystallized.  The  crystals  were  washed  three  times  with  pentane 
and  tfien  cooled  to -5*  widi  ether.  15.5  g  of  white  crystalline  material  with  m.p.  40-41*  was  obtained;  m.p. 

42*  after  recrystallization  from  ether  (according  to  [1],  m.p.  41*).  Iodometric  titration  indicated  that  the  spec¬ 
imen  contained  98. hydroperoxide. 

Found  o]oi  N  7.18.  C,Ha04N.  Calculated  ‘Jt:  N  7.09. 

On  prolonged  standing  in  die  light  under  notmal  conditions  the  hydroperoxide  gradually  became  yellow 
and  the  crystals  stuck  togedier.  When  heated  to  150-16Cr  the  hydroperoxide  decomposed  with  spluttering  and 
die  evolution  of  soot. 

Acid  decomposition  of  the  hydroperoxide.  Approximately  2  g  of  the  hydroperoxide  obtained  was  dissolved 
in  benzene  (50  ml).  1  drop  of  concentrated  sulfuric  acid  was  then  added  with  cooling  to  (f  and  stirring.  The 
mixture  was  gradually  heated  to  room  temperature  with  stirring  and  dien  stirred  at  50-60*  for  2  hours.  Approxi¬ 
mately  20  ml  benzene  was  distilled  from  the  reaction  mass.  The  crystals  which  precipitated  melted  at  114*  after 
recrystallization  from  toluene.  When  a  sample  was  mixed  with  pure  p-nitrophenol  no  melting  point  depression 
was  obtained. 

Thermal  decomposition  (f  the  hydroperoxide.  Approximately  2  g  of  the  hydroperoxide  obtained  was  dis¬ 
solved  in  50  ml  tert-butylbenzene  and  tfie  solution  heated  for  16  hours  at  120-13Cr.  The  tert-butylbenzene  was 
distilled  off  in  vacuo  at  the  water  pump;  the  crystalline  residue  was  recrystallized  from  acetone;  melting  point 
of  substance  isolated  81*.  Literature  data  [8]  for  p-nitroacetophenone:  m 4).  80-81*. 

SUMMARY 

n  p-Nitrocumene  hydroperoxide  has  been  prepared  by  die  autoxidation  of  p-nitrocumene  and  identifled  by 

I  conversion  to  p-nitro|^enol  and  p-nitroacetophenone. 

I 
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THE  AUTOXIDATION  OF  SUBSTITUTED  ALKYL  HOMOLOGS  OF  BENZENE 
II.  THE  PREPARATION  OF  p-ACET YLCUMENE  HYDROPEROXIDE 

P.  G.  Sergeev  and  A.  M.  Sladkov 

A  report  in  the  literature  [1]  on  the  inhibiting  action  of  the  acetyl  group  in  the  autoxidation  of  p-etliyl- 
acetophenone  led  us  to  study  the  possibility  of  carrying  out  the  autoxidation  of  certain  p-acetyl  derivatives  of 
alkyl  homologs  of  benzene.  We  chose,  as  die  first  compound  for  study,  p-acetylcumene,  since  the  presence  of 
the  isopropyl  group  attached  to  the  benzene  nucleus  should  make  it  possible  to  establish  easily,  in  the  autoxida* 
tion  process,  the  presence  of  a  hydroperoxide  which  is  comparatively  more  stable  than,  for  example.,  in  the  case 
of  p-methyl  or  p-ethylacetophenone.  At  the  same  time  this  has  made  it  possible  for  us  to  make  a  comparison 
with  the  autoxidation  of  cumene  under  the  same  condition. 

As  the  experimental  results  have  shown,  the  presence  of  the  acetyl  group  in  the  para- position  relative  to 
the  isopropyl  group  in  p-acetylcumene  not  only  does  not  show  an  inhibiting  action,  but  even  shows  a  slight  ac¬ 
celerating  influence  on  the  formation  of  the  hydroperoxide. 

The  p-acetylcumene  hydroperoxide  obtained  in  the  autoxidation  process  was  isolated  and  converted  for 
identification  to  p-acetylphenol  and  p-diacetylbenzene  according  to  the  scheme  given  by  us  in  an  earlier  com- 
rhunication  [2]  for  p-nitrocumene. 

EXPERIMENTAL 

The  original  p-acetylcumene  was  obtained  by  the  acetylation  of  isopropylbenzene  with  acetic  anhydride 
in  the  presence  of  aluminum  chloride.  Yield  of  p-acetylcumene  with  b.p.  100*  (3  mm)  89^o  njj  1.5160,  d^* 
0.9554.  Melting  point  2,  4-dinitrophenylhydrazone  185*.  (According  to  the  literature  data  [3]:  m.p.  185-186*). 

The  autoxidation  of  p-acetylcumene.  The  reaction  was  carried  out  in  a  glass  column  of  25  mm  diameter 
packed  with  pieces  of  glass  tubing  5x2  mm.  Air  was  passed  at  a  rate  of  0.6-0.7  liters/minute  through  60  ml 
(57.3  g;  0.3  mole)  p-acetylcumene  at  110"  in  the  presence  of  0.01  g  nickel  benzoate.  After  9.5  hours,  27.5‘^i) 
hydroperoxide  was  found  in  the  reaction  mass  (iodometric  determination).  In  the  autoxidation  of  cumene  in  the 
same  conditions  the  hydroperoxide  content  after  8  hours  amounted  to  22.8<7o. 

Isolation  of  the  hydroperoxide.  The  reaction  mass  after  the  oxidation  was  added  with  vigorous  stirring  to 
a  cooled  mixture  of  ice  and  salt  and  10%  aqueous  caustic  soda  solution  (200  ml).  The  oil  was  separated  from  the 
alkaline  layer,  the  alkaline  solution  was  extracted  with  ether  (5  times  with  20  ml)  and  a  current  of  carbon  dioxide 
was  then  passed  through  it  at  0°  until  the  solution  was  fully  saturated.  The  oily  material  which  separated  was 
extracted  with  ether  (5  times  with  15  ml),  the  combined  ether  extracts  were  dried  with  anhydrous  sodium  sulfate 
and  the  ether  distilled  off  in  vacuo.  10.2  g  of  a  viscous  light  yellow  liquid  was  obtained,  containing  98.2%  hy¬ 
droperoxide  (iodometric  estimation).  A  second  purification  via  the  sodium  salt  raised  the  hydroperoxide  content 
to 98.9% (iodometric  estimation),  np  1.5433,  dj*  1.0930.  M!^  55.94;  calc.  53.41. 

When  an  attempt  was  made  to  carry  out  a  vacuum  distillation  (1  mm)  the  hydroperoxide  decomposed  (at 
160*  in  the  bath). 

Acid  decomposition  of  the  hydroperoxide.  Approximately  1.5  g  of  the  hydroperoxide  obtained  was  dissolved 
in  benzene  (25  ml).  The  solution  was  cooled  to  CT  and  5  drops  of  2%  sulfuric  acid  added  with  stirring.  The  mix¬ 
ture  was  gradually  heated  with  stirring  to  room  temperature  and  then  stirred  on  the  water  bath  under  reflux  for 
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1.6  houn.  The  solvent  was  distilled  completely  from  the  reaction  mass  at  low  pressure  and  the  residue  recrystal¬ 
lized  twice  from  a  mixture  of  alcohol  and  benzene  (1 : 1).  A  substance  was  obtained  with  m.p.  108-109*.  Lit¬ 
erature  data  for  p-hydroxyacetophenone  [4]:  m.p.  109*. 

Thermal  decomposition  of  die  hydroperoxide.  Approximately  2.5  g  of  the  hydroperoxide  obtained  was 
sealed  in  an  atmosphere  of  nitrogen  in  an  ampoule,  which  was  dien  placed  in  an  oil  bath  where  it  was  kept  at 
120-135*  for  20  hours. The  ampoule  was  cooled  and  opened,  the  products  of  the  thermal  decomposition  were 
washed  with  edier, cooled  to  (T  and  then  recrystallized  twice  from  aqueous  methanol  (1:2).  M.p.  112-113*. 
Literature  data  [5]  for  p-dlacetylbenzene:  mp.  113*. 
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SUMMARY 

1.  It  has  been  shown,  in  contradiction  of  the  literature  data,  that  die  presence  of  the  acetyl  group  in  the 
para-position  to  the  alkyl  group  in  the  benzene  nucleus  does  not  have  an  inhibiting  action  on  the  autoxidation. 

2.  p-Acetylcumene  has  been  oxidized  by  atmospheric  oxygen  in  the  liquid  phase  to  yield  the  correspond¬ 
ing  hydroperoxide,  which  has  been  converted  for  identification  to  p-hydroxyacetophenone  and  p-diacetylbenzene. 
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THE  SYNTHESIS  OF  HARMINE  DERIVATIVES.  I. 


N.  I.  Koretskaya,  A.  V.  Danilova  and  L.  M.  Utkin 


In  the  present  article  a  description  is  given  of  the  synthesis  of  certain  harmine  derivatives  prepared  for 
pharmacological  studies. 

It  has  been  established  by  the  work  of  Perkin,  Robinson  and  coworkers  [1,  2]  that  in  the  action  of  alkyl 
halides  on  harmine  the  first  stage  is  the  reaction  of  the  nitrogen  of  the  pyridine  nucleus  with  the  formation  of 
Py-N- alkyl  derivatives  which  are  capable,  under  the  influence  of  alkali,  of  conversion  to  compounds  of  the  an- 
hydrobase  type.  When  the  latter  are  alkylated,  the  radical  replaces  the  hydrogen  of  the  indole  nitrogen.  It  is 
also  known  that  compounds  of  the  indole  series  are  capable  of  replacing  the  hydrogen  on  the  nitrogen  by  potas¬ 
sium  ,  by  boiling  with  caustic  potash  in  xylene  [3].  We  have  used  this  reaction  for  the  preparation  of  a  number 
of  derivatives. 

We  have  prepared  Ind-N-(8 -diethylamino)-ethy]harmine  (I)  by  the  action  of  diethyl- (8 -chloroethyl)- 
amine  on  the  potassium  derivative  of  harmine.  Harmine  Py-N-(8 -diethylamlno)-ethyl  chloride  (II)  was  synthe¬ 
sized  from  harmine  and  diethyl-(8 -chloroethyl)-amine.  In  anhydrous  alcohol  the  yield  of  the  hydrochloride  of 
(II)  amounted  to  357o,  in  xylene— 88%  and  in  isopropyl  alcohol- 96 .37o.  The  alkylation  of  Py-N-methylharmine 
[2]  with  diethyl-(  8 -chloroethyl)-amine  was  carried  out  in  anhydrous  alcohol  and  in  a  mixture  of  xylene  and 
nitrobenzene  (1 : 1)  at  their  boiling  points.  In  both  cases,  however,  the  original  methylharmine  was  recovered. 

Acting  on  a  suggestion  that  alkyl  derivatives  of  tetrahydroharmine  [4]  may  have  interesting  pharmacological 
properties,  we  prepared  Py-N-(8 -diethylamino)-ethyltetrahydroharmine  (III)  and  carried  out  experiments  on  the 
preparation  of  Ind-N-benzyl-Py-N-methyltetrahydroharmine.  Ind-N-benzylharmine  (IV)  was  synthesized  by  the 
action  of  benzyl  chloride  on  the  potassium  derivative  of  harmine.  The  yield  of  the  hydrochloride  of  (IV)  varied 
between  34  and  53^0,  depending  on  the  degree  of  subdivision  of  the  starting  material.  The  preparation  of  Ind-N- 
benzylharmine  Py-N-methiodide  (V)  was  carried  out  with  a  good  yield. 

An  attempt  was  then  made  to  reduce  Ind-N-benzylharmine  Py-N-methiodide  (V)  with  sodium  in  anhydrous 
alcohol  in  a  current  of  nitrogen,  but  a  tar  was  formed.  The  reduction  of  harmine  methosulfate  [2]  was  likewise 
unsuccessful  using  sodium  in  anhydrous  alcohol,  zinc  dust  in  dilute  acetic  acid,  platinum  in  anhydrous  alcohol 
and  in  glacial  acetic  acid  at  8(f .  In  all  the  experiments  the  starting  material  was  recovered  unchanged.  It  fol¬ 
lows  from  this  that  Py-cjuaternary  derivatives  of  harmine  are  not  reduced  in  the  conditions  described.  As  a  result 
of  the  difficulties  encountered  in  carrying  out  the  reduction,  we  tried  to  prepare  Ind-N-benzyl-Py-N-methyl- 
tetrahydroharmine  by  alkylation  of  tetrahydroharmine.  In  the  methylation  of  tetrahydroharmine  by  Wallach’s 
method,  however,  complete  tar  formation  took  place. 

In  view  of  the  fact  that  esters  of  nor-harminecarboxyiic  acid  may  be  of  interest  as  intermediate  products 
for  the  synthesis  of  medicinal  products,  experiments  on  their  preparation  were  carried  out.  Nor-harminecarboxylic 
acid  was  prepared  according  to  the  method  of  Perkin  and  Robinson  [5].  It  is  interesting  to  note  that  the  melting 
point  of  the  nor-harminecarboxylic  acid  obtained  by  us  (237-238*)  differs  from  that  given  in  the  work  cited  (258*); 
the  analysis,  however,  corresponds  to  its  elementary  composition.  The  hydrolysis  of  ethyl  nor-harminecarboxylate 
(VII)  was  carried  out.  The  acid  obtained  by  the  hydrolysis  had  m.p.  237-238*.  As  a  result  of  the  low  solubility 
of  nor-harminecarboxylic  acid,  its  esterification  proceeds  with  low  yields.  When  the  esterification  was  carried 
out  with  diazomethane,  via  the  chloride,  via  the  potassium  salt,  ethylsulfuric  acid  and  by  the  Fischer  method, 
the  best  yields  were  obtained  using  the  last  method.  The  formation  of  esters  of  tetrahydro-nor-harminecarboxylic 
acid  (VIII),  prepared  by  the  reduction  of  nor-harminecarboxylic  acid,  also  proceeds  with  good  yields. 
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EXPERIMENTAL 

Ind-N-(6 -diethylamino)-ethylharmine  (I),  dihydrochloride.  5  g  harmine  and  1.4  g  KCXI  (ground  to  powder) 
In  75  ml  xylene  were  boiled  under  reflux  with  stirring  for  3  hours.  3.25  g  diethyl-(8 -chloroethyl)- amine  and 
25  ml  xylene  were  added  to  the  reaction  mixture  and  heating  continued  with  stirring  for  a  further  3  hours.  The 
unreacted  harmine  was  filtered  off.  The  mother  solution  was  evaporated  in  vacuo,  the  residue  dissolved  in  25 
ml  ether  and  an  alcoholic  solution  of  HCl  added.  6.8  g  (75.17o)  of  the  dihydrochloride  of  (I),  m.p.  270-271*  (with 
decomp.)  was  obtained.  The  substance  crystallizes  from  a  mixture  of  methanol  and  edianol  (1 : 1). 

Found  %  C  57.05;  H  7.46;  N  10.20;  Cl  17.78.  C19H15ON3  * 2HC1  •  HjO.  Calculated  °}oi  C  56.71;  H  7.26; 

N  10.44;  Cl  17.63. 

Harmine  Py-N-(6  -diethylamino)-ethyl  chloride  (II),  hydrochloride.  5  g  harmine  and  3.25  g  dry,  freshly 
distilled  diethyl-(fl -chloroethyl)- amine  in  100  ml  isoamyl  alcohol  were  boiled  under  reflux  for  3  houis.  The 
solvent  was  distilled  off  in  vacuo.  The  residue  was  dissolved  in  15  ml  methanol.  8.73  g  {96J3^)  of  the  hydro¬ 
chloride  of  (11),  m.p.  252-253*.  was  obtained  by  the  addition  of  an  alcohol  solution  of  HCl;  the  substance  crystal¬ 
lizes  from  a  mixture  of  medianol  and  ethanol  (1 : 1).  The  hydrochloride  of  (II)  is  readily  soluble  in  water  and 
methanol,  less  readily  in  ethanol.  Dilute  alcoholic  solutions  show  fluorescence. 

Found  C  56.28;  H  7.21;  N  10.31;  Cl  17.43.  CijHnONaCl'HCl -HjO.  Calculated  C  56.71;  H  7.26; 

N  10.44;  Cl  17.63. 

Py-N-(S  -diethylamine)-ethyltetrahydroharmine  (111).  1.6  g  tetrahydroharmine  and  1  g  diethyl- (8 -chloro- 
edtyl)- amine  in  25  ml  anhydrous  alcohol  were  boiled  for  1  hour  under  reflux.  The  alcohol  was  distilled  off  in 
vacuo.  The  residue  was  dissolved  in  water,  made  alkaline  with  5'^  NH4OH  and  extracted  with  ether.  The  ether 
extract  was  washed  with  water  and  the  ether  distilled  off.  The  crystalline  residue  (1.55  g)had  m.p.  96-116*. 

1.23  g  of  the  substance  obtained  was  dissolved  in  30  ml  chloroform  and  passed  through  a  column  with  30  g 
AljO).  The  column  was  eluted  successively  with  chloroform,  a  mixture  of  chloroform  and  methanol,  and  meth¬ 
anol.  1  g  (54.0^)  of  (III)  was  isolated  from  the  chloroform  fractions;  m.p.  95- 9T;  the  substance  was  recrystal¬ 
lized  from  aqueous  ether.  A  small  quantity  of  tetrahydroharmine  was  washed  out  with  the  methanol.  (Ill)  crys¬ 
tallizes  from  water,  decomposes  in  vacuo  at  6(r;  turns  yellow  in  air. 

Found  C  68.51,  68.36;  H  9.22,  9.29;  N  12.21,  12.19.  C19H29N3O •  HjO.  Calculated  <70;  C  68.43;  H  9.37; 

N  12,60. 

With  an  alcoholic  Solution  of  picric  acid,  (III)  gives  a  picrate  with  m.p.  186-187*  (from  acetone). 

Ind-N-benzylharmine  (IV).  5  g  of  powdered  harmine  and  2  g  KCXl  (ground  to  a  powder)  in  80  ml  xylene 
were  boiled  for  3  hours  with  stirring.  3  g  of  freshly  distilled  benzyl  chloride  was  added  and  the  reaction  continued 


612 


for  a  further  3  hours.  The  undissolved  residue  (a  mixture  of  unreacted  harmlne  and  KOH)  was  removed  and  die 
filtrate  evaporated  in  vacuo.  Concentrated  HCl  was  added  to  the  residue.  3.16  g  (39.5^o)  of  the  hydrochloride 
of  (IV)  with  m.p.  244-244.5*  (from  a  mixture  of  acetone  and  methanol  1 : 1)  was  isolated  by  grinding  with  ace¬ 
tone. 

Found '55):  Cl  10.43,  10.48.  CjoHigON,  •HCl.  Calculated  Cl  10.46. 

(IV)  was  isolated  from  the  hydrochloride  with  10%  NH4OH  In  the  presence  of  ether;  m.p.  133-134*  after 
recrystallization  from  75%  methanol. 

Found  %:  C  79.47;  H  6.18;  N  9.25.  CjoHigONj.  Calculated  %:  C  79.44;  H  6.00;  N  9.27. 

Ind-N-benzylharmine  Py-N-methiodide  (V).  0.75  g  of  (IV)  and  1  g  CH3I  in  10  ml  medianol  were  heated 
under  reflux  on  a  water  bath  for  3  hours.  The  precipitate  contained  0.99  g  (90%)  of  (V);  m.p.  265-267*  (from 
methanol);  sparingly  soluble  in  water  and  alcohol. 

Ind-N-benzyBiarmine  Py-N-methyl  chloride  (VI).  4.8  g  of  (V)  and  freshly  prec4)itated  silver  chloride 
(from  4  g  AgNO^)  in  300  ml  alcohol  were  shaken  together  at  room-temperature  for  5  hours.  The  mixture  was 
then  heated  to  8Cr  on  the  water  bath  and  the  Agl  filtered  off  and  washed  with  alcohol.  The  filtrate  was  evapor¬ 
ated  in  vacuo.  3.57  g  (93.7%)  of  (VI)  with  m.p.  243-244*  (from  water)  was  isolated  from  the  residue  after  the 
addition  of  10  ml  water. 

Found  %:  Cl  9.20,  9.29.  CgiHjiONiCl  •  HjO.  Calculated  %:  Cl  9.56. 

Ethyl  nor-harminecarboxylate  (VII).  A  suspension  of  2  g  nor-harminecarboxylic  acid  In  40  ml  anhydrous 
alcohol  was  saturated  with  gaseous  HCl  with  cooling  and  then  boiled  for  6  hours  under  reflux  on  a  water  bath. 
This  operation  was  repeated  twice.  The  residue  contained  unreacted  nor-harminecarboxylic  acid  (1  g).  The 
filtrate  was  evaporated  in  vacuo,  made  alkaline  and  extracted  with  ether.  A  yellow  oil  which  gave  0.78  g 
(30.8%)  of  crystalline  hydrochloride  was  obtained  from  the  ether.  The  compound  (VII)  was  isolated  from  the 
hydrochloride  with  10%  NH4CW  in  the  presence  of  ether:  m.p.  132-133*  (from  aqueous  acetone). 

Found  %:  C  66.94;  H  5.26;  N  10.28.  Ci6Hi40iN2.  Calculated  %:  C  66.65;  H  5.22;  N  10.37. 

The  ester  (VII)  was  hydrolyzed  at  2(f  with  0.5N  alcoholic  alkali.  The  acid  obtained,  m.p.  237-237.5* 
(from  glacial  acetic  acid),  gave  no  melting  point  depression  when  mixed  with  nor-harminecarboxylic  acid. 

Tetrahydro-nor-harminecarboxylic  acid  (VIII).  2  g  nor-harminecarboxylic  acid  in  250  ml  aidiydrous  al¬ 
cohol  was  reduced  with  24  g  Na  at  the  boil.  The  solution  was  diluted  with  200  ml  water,  the  main  bulk  of  die 
alcohol  distilled  off  in  vacuo  and  die  reaction  mass  acidified  with  90  ml  HCl  (1 : 1).  The  crystals  which  precipi¬ 
tated  (1.7  g)  were  dissolved  in  5%  alcoholic  alkali  and  neutralized  with  glacial  acetic  acid  to  pH  7-6.5  to  yield 
1.14  g  (55.9%)  of  (VIII)  with  m.p.  200.5-201*. 

Found  %:  C  63.36;  H  5.73;  N  11.19.  Ct3Hi40jN2.  Calculated  %;  C  63.40;  H  5.73;  N  11.38. 

SUMMARY 

1.  The  following  new  derivatives  ofharmine  have  been  synthesized:  lnd-N-(8 -diethylamino)-ethyl- 
harmine,  dihydrochloride;  harmine  Py-N-(6 -dIethylamino)-ediyl  chloride,  hydrochloride:  Ind-N-benzyDiarmine; 
Ind-N-benzylharmine  Py-N-methiodide;  Ind-N-benzylharmine  Py-N-methyl  chloride;  ethyl  nor-harminecar¬ 
boxylate. 

2.  The  following  new  derivatives  of  tetrahydroharmine  have  been  prepared:  Py-N-(8 -diethylamlno)- 
etliyltetrahydroharmine;  tetrahydro-nor-harminecarboxylic  acid. 

LITERATURE  CITED 

[1]  W.  O.  Kermack,  W.  H.  Perkin  and  R.  Robinson,  J.  Chem.  Soc.  (1922)  1872. 

[2]  V.  V.  S.  Iyer  and  R.  Robinson,  J.  Chem.  Soc.  (1934)  1635. 

[3]  R.  Weissgerger,  Ber.  43,  3521  (1910). 

[4]  O.  Fischer,  Ber.  22,  637  (1889). 


613 


[5]  W.  H«  Perkin  and  R.  Robinson,  J.  Chem.  Soc.  (1912)  1775. 

Received  March  18,  1956.  S.  Ordzhonikidze  All-Union  Chemical  and 

Pharmaceutical  Scientific  Research  Institute. 


JOURNAL  OF  GENERAL  CHEMISTRY  OF  THE  USSR  IN  ENGLISH  TRANSLATION 


February,  1957 


TABLE  OF  CONTENTS 

Russ. 

Page  Pftge 

1.  Enthalpy  of  F=ormation  of  Strontium  Hiosphide.  S.  A.  Shchukarev,  M.  P. 

Morozova  and  Kan  Kho  Yn .  319  289 

2.  Enthalpy  of  Formation  of  Lithium  and  Barium  Blsmuthides.  S,  A. 

Shchukarev,  M,  P.  Morozova,  ‘Kan  Kho  Yn  and  V.  T.  Sharov .  321  290 

3.  The  Enthalpy  of  Formation  of  Lithium,  Magnesium  and  Zinc  Arsenides.  S.  M. 

Ariya,  M.  P.  Morozova,  Khuan  Tszi-tao  and  E.  Volf .  326  293 

4.  Anodes  From  Uranium  Dioxide  in  a  Molten  Chloride  Electrolyte.  M.  V.  Smirnov 

and  L.  E.  Ivanovsky .  329  295 

5.  Sorrie  Physicochemical  Properties  of  Barium,  Cobalt  and  Copper  Cis-Borotung- 

states.  E.  A.  Nikitina  and  O.  N.  Sokolova .  333  299 

6.  Heterotriacids.  VI.  Some  Properties  of  Heterotriacids.  A.  I.  Kokorin  and  N.  A. 

Polotebnova . .  339  304 

7.  Study  of  the  Reactions  of  Polythionates  With  the  Aid  of  Labeled  Sulfur.  III. 

Reaction  of  the  Hexathionate.  V.  A.  Lunenok-Burmakina .  346  311 

8.  Application  of  Chromatography  to  a  Study  of  the  Reactions  of  Dimethyl- 

glyoxime  With  Metal  Cations.  II.  A.  M.  Gurvich. . ) .  361  316 

9.  Viscosity  of  Binary  Systems  With  Chloral.  V.  V.  Udovenko  and  R.  L  Khomenko  .  .  .  357  322 

10.  Investigations  in  the  Field  of  Alkoxysilanes.  VL  Synthesis  of  Tetraaroxysilanes 

by  Transesterification  of  Ethyl  Silicate  With  Phenols.  M.  G.  Voronkov  and 

G.  B.  Karpenko. .  361  326  • 

11.  The  Effect  of  Interm olecular  Interaction  on  Bromination  in  the  Binary  System 

Benzene—  Nitrobenzene.  F.  F.  Cheshko,  L.  N.  Novikova  and  O.  L 

Shevchenko . 365  328 

12.  Boron  Ruoride  as  a  Catalyst  in  Organic  Chemistry.  Xin.  Alkylation  of  2-  and 

4-Bromojrfienols  by  Pseudobutylene  and  Cyclohexene  in  the  Presence  of  the 
Catalysts  BFs*  H3PO4  and  BFs*  0(C2H5)2.  S.  V.  Zavgorodny  and  V.  G. 

Kryuchkova .  369  330 


13.  Investigation  the  Reactions  of  Pinacones  With  Substituted  Acetylene  Radicals. 


XIV.  Synthesis  and  Reaction  of  Unsymm.  Methyl-Diphenyl-Tertiary- 
Butylacetylenyl-Ethylene  Glycol  (l,l-Diphenyl-2,5,5-Trimethylhexine- 

3-Diol-l,2).  E.  D.  Venus- Da  nil  ova,  V.  I.  Serkova  and  A.  V.  Eltsov .  373  334 

14.  Investigation  in  the  Field  of  Cyclic  Acetals  of  Hydroxycarbonyl  Compounds. 

VUL  .The  Methyl  Lactolide  of  Propylbenzoylcarbinol  and  its  Reactions. 

T.  1.  Terhnikova  and  V.  A.  Ivanova .  379  340 

16.  Preparation  of  Methyl  Phenyl  Ketals  of  Aliphatic-Aromatic  a-Ketoalcohols. 

G.  A.  Ugolnikova .  383  343 

16.  Synthetic  Anesthetics.  XII.  Esters  of  Tertiary  y-Dialkylaminopropanols  and 

y -Dialkylaminobutanols.  1.  N.  Nazarov  and  R.  I.  Kmglikova  . .  387  346 


I 


TABLE  OF  CONTENTS  (continued) 

Russ. 

Page  Page 

17.  Synthesis  and  Reactions  of  a-Methylvinyl  Ethers  of  Isoalcohols  and  Ethylene 

Glycols.  V.  M.  F.  Shostakovsky  and  E.  P.  Gracheva .  39  7  365 

18.  Configuration  and  Properties  of  Unsaturated  Acids  and  Their  Derivatives. VL 

The  Reactivity  of  Stereoisomeric  Crotonic  Acids  and  Their  Esters.  A.  K. 

Plisov  and  A;  V.  Bogatsky .  403  360 

19.  Investigation  in  the  Field  of  Conjugated  Systems. LX XII.  Hydrogenation  of 

Alkenylacetylenes.  Kh.  V.  Balyan,  A.  A.  Petrov  and  Yu.  I.  Porfiryeya  .  409  366 

20.  Investigations  in  the  Field  of  Derivatives  of  0  -Dicarbonyl  Compounds. L 

Synthesis  of  fl  -Chlorovinyl  Ketones.  V.  T.  Klimko,  V.  A.  Mikhalev  and 

A.  P.  Skoldinov .  416  370 

21.  Myrcene  Monoxide  in  Grignard  Synthesis.  G.  V.  Pigulevsky  and  N.  A.  Adrova  .  .  .  421  376 

22.  A  New  Type  of  Terpene  Reaction.  XVII.  The  Action  of  Chlorine  on  w-Chloro- 

camphene.  D.  Tishchenko  and  T.  Prokhorchuk .  426  377 

23.  The  Structure  of  Pyronenes.  D.  Tishchenko  and  N.  Summ.« .  429  379 

24.  a-Oxides  of  Alkylfuryl  Alcohols.  M.  M.  Azanovskaya  and  V.  1.  Pansevich- 

Kolyada . 436  384 


j  IV.  The  Diazo  Salts  of  Methylaryltriazen-N-Sulfonic  Acids.  D.  Z. 

it  Zavelsky  and  L.  A.  Lishiievskaya  . .  439  388 

26.  Hydrophilic  Properties  and  Heats  of  Swelling  of  Chitin.  N.  1.  Klenkova  and 

*i:  E.  A.  Plisko .  449  399 

27.  Catalytic  Hydrogenolysis  in  Furan  Compounds.  N.  I.  Shuikin  and  I.  F.  Belsky.  .  .  .  463  402 

28.  Investigation  in  the  Field  of  Imidazole  Derivatives.  XVI.  The  Basicity  of 

•  j  komeric  4-  and  6-Amino-3-Methylbenzimidazoles.  L.  S.  Efros  and  B.  L 

I  lonin . >. .  469  406 

! 

j  29.  The  Synthesis  of  Benzimidazole  Compounds  Containing  the  Bis-(0 -Chloro- 

ethyl)- Amino  Group.  O.  F.  Ginsburg,  B.  A.  Porai-Koshits,  M.  I.  Krylova 
!  and  S.  M.  Lotareichik  . .  466  411 


30.  Haloarylation  of  Unsaturated  Compounds  With  Aromatic  Diazo  Compounds. 

IIL  The  Reaction  of  4-Chloro-l-Phenylbutene-2  With  Potassium  Hydroxide 
and  a  New  Method  of  Synthesizing  a-Phenylbutadiene.  A.  V.  Dombrovsky 


and  A.  P.  Terentyev. .  469  416 

31.  The  Haloarylation  of  Unsaturated  Compounds  With  Aromatic  Diazo  Compounds. 

IV.  Synthesis  of  fl-Arylalkyl  Carboxylic  Acids.  A.  V.  Dombrovsky,  A.  P. 

Terentyev  and  A.  M.  Yurkevich .  . .  473  419 

32.  The  Nitration  of  1-n-Butylnaphthalene.  S.  L  Serglevskaya  and  T.  S.  Safonova.  .  .  477  421 

33.  4-Amino-l-n-Butylnaphthalene  and  its  Transformations.  S.  L  Serglevskaya  and 

T.  S.  Safonova .  483  428 

34.  Thiazolidine-4-Carboxylic  Acid  and  its  Derivatives.  VII.  Study  of  the  Products 

of  Condensation  of  a-Amino-0 -Mercaptoacids  With  4-Chloromethylene- 

2-Phenyl-5-Oxazolone  and  its  Derivatives.  N.  T.  Strukov  . .  48  7  432 


I 


TABLE  OF  CONTENTS  (continued) 


Russ. 

Page  Page 


35.  The  Problem  of  the  Mechanism  of  the  Arbu:?ov  Rearrangement.  IV.  Reaction  of 

a,  6”Dibromoethyl  Alkyl  Ethers  With  Triisopropyl  Phosphite.  V.  S.  Abramov 

and  A.  1.  Bolshakova .  497  441 

36.  Mixed  Esters  of  Di-Tert-(l,l,l-Trichloro)-Butylirfiosphorous  Acid.  V.  S.  Abramov 

and  V.  K.  Khairullin .  601  444 

37.  N-Acylamidophosphoric  Acids.  A.  V.  Kirsanov  and  R.  G.  Makitra .  607  460 

38.  Investigation  in  the  Isoxazole  Series.  III.  Synthesis  of  Arylisoxazoles.  N.  K. 

Kochetkov,  E.  D.  Khotmutova,'  M.  Ya.  Karpeisky  and  A.  Ya.  Khorlin .  611  462 

39.  Derivatives  of  Hexamethyleneimine.  I.  Synthesis  of  N-Alkyi  Derivatives  of 

Hexamethyleneimine.  G.  S.  Kolesnikov  and  N.  N.  Mikhailovskaya .  617  468 

40.  The  Ketovinylation  of  Thiophenols.  N.  K.  Kochetkov  and  V.  N.  Vinogradova.  ....  621  460 

41.  Some  fl  -Amino  Acids  of  the  Thiophene  Series.  V.  P.  Mamaev  and  T.  D.  Rubina.  .  .  626  464 

42.  The  Synthesis  of  Branched  Aliphatic  Hydrocarbons  of  Composition  Cio  -  C,5  by 

the  Grignard  and  Grignard- Wurtz  Reactions.  A.  D.  Petrov,  V.  L.  Sushchinsky, 

E.  P.  Zakharov  and  T.  I.  Rogozhnikova .  629  467 

43.  Studies  in  the  Field  of  Heterocyclic  Chemistry.  XXVIL  The  Synthesis  and  Pro¬ 

perties  of  Monohalogeno  Derivatives  of  9-Phenylacridine.  P.  A.  Petyunin 

and  M.  E.  Konshin. . 639  475 

44.  Reactions  of  Magnesylamines.  II.  A  New  Reaction  of  Aldehydes.  P.  A.  Petyunin 

and  L.  A.  Tetyueva .  646  480 

46.  Method  For  Synthesizing  Arylthioureas  and  the  Corresponding  Mustard  Oils. 

N.  L  Volynkin .  649  483 

46.  Dinitrobenzenesulfonic  Acids  and  Their  Esters.  A,  1.  Kiprianov  and  A.  L 

Tolmachev .  553  486 

47.  The  Preparation  of  Linear  Polyethylsiioxanes.  K.  A.  Andrianov,  I.  A.  Zubkov, 

T.  A.  Krasovskaya  and  M.  A.  Kleinovskaya .  659  491 

48.  The  Reaction  of  Chloroform,  Bromoform  and  Silicochloroform  With  Sodium 

Triphenylsilanolate.  V.  S.  Chugunov. .  663  494 

^49.  The  Reduction  of  Mercurated  Amides  of  Carboxylic  Acids  With  Esters  of  Phos¬ 
phorous  Acid.  I.  F.  Lutsenko  and  V.  V.  Tyuleneva  . .  665  497 

60.  Heterocyclic  Compounds.  52.  The  Synthesis  of  l-y-Alkoxypropyl-4-Piperidones 

and  l-y-Dialkylaminopropyl-4-Piperidones.  I.  N.  Nazarov  and  S.  M.  Makin.  .  .  669  499 

61.  Heterocyclic  Compounds.  53.  Synthetic  Pain-Relieving  Materials.  XV.  The 

Synthesis  of  2,5-Dimethyl-4-Phenyl-4-Piperidols  and  Their  Esters,  Con¬ 
taining  y -Substituted  Propyl  Radicals  on  the  Nitrogen  Analogs  of  Promedol 

and  Isopromedol,  II.  I.  N.  Nazarov  and  S.  M.  Makin .  679  510 

62.  Cyanine  Dyes  Containing  Fluorine.  V,  The  Synthesis  of  Cyanine  Dyes  From 

5-  and  6-Trifluoromethoxybenzothiazoles,  L.  M.  Yagupolsky  and  V.  L 

Troitskaya  .  687  618 


63.  The  Synthesis  of  Certain  Substituted  Hexahydropyrimidines  (Piperimidines). 
I.  Ya.  Postovsky  and  N.  G.  Nosenkova. . 


595 


626 


TABLE  OF  CONTENTS  (continued) 


Russ. 

Page  Page 


64.  The  Reaction  of  B-Monohalogenomethylquinolines  With  Sodium  Dialkyl  Rios- 

phltes.  B.  P.  Lugovkln .  599  629 


66.  p-Chlorobenzenesulfonamlde  and  its  Derivatives.  A.  M.  Grigorovsky,  N.  N. 

Dykhanov  and  Z.  M  Kimea .  601  631 


66.  The  Autoxldation  of  Substituted  Alkyl  Homologs  of  Benzene.  L  The  Pre¬ 
paration  of  p-Nltrocumene  Hydroperoxide.  P.  G.  Sergeev  and  A.  M.  Sladkov.,  .  607  638 


67.  The  Autoxldation  of  Substituted  Alkyl  Homologs  of  Benzene.  II.  The  Preparation 

of  p-Acetylcumene  Hydroperoxide.  P.  G.  Sergeev  and  A.  M.  Sladkov .  609  640 


68.  The  Synthesis  of  Harmine  Derivatives.  L  N.  L  Koretskaya,  A.  V.  Danilova  and 

L.  M.  Utkin .  611  642 


\ 


